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PREFACE 



TO THE FIRST EDITION. 



Thb present Work makes its appearance under many disadvantages. The circnmstanoe of having been pub- 
lished in monthly numbers furmshes, of itself^ an explanation of many imperfections ,* for it can hardly be 
expected that works produced under the exigencies of periodical publication should be distinguished by the 
perfections which belong to literary leisure and fastidious elaboration. The time which the practical engineer 
can devote to literary undertakings must, under any circumstances, be inconsiderable, and the late pressure in 
the engineering world has farther abbreviated thb precarious leisure. I have been obliged to confide the greater 
portion of the theoretical part of the present work to some mathematical assistants, whose algebra has, I fear, 
sometimes risen to a needless luxuriance, and in whose superfine speculations the en^eer may perhaps discern 
the hand of a tyro. The makers of steam engines, again, have, for some time past, been so overwhelmed with 
work, that the drawings and other particulars of their machinery, which they had signified their willingness to 
famish, they have in some cases been unable to send early enough to come in at the proper place ; and faults 
of arrangement have been rendered inevitable by these irregularities, which I could neither rectify nor control. 
I do not mention these impediments to a more perfect execution as an excuse for any faults the work may 
contain, which I am sensible cannot be materially extenuated by such pleas ; bilt I wish merely to suggest, 
that the demerits of an author or editor are not fairly measurable by the demerits of his work, when many of 
those faults have had their origin in the unpropitious circumstances of its production. In spite, however, of 
its imperfections, I believe that the present Treatise on the Steam Engine is likely to prove the most useful yet 
published ; and it is the only one, I believe, which can be regarded as of a really practical character. Although 
falling far short of my conceptions of what such a work should be, I believe that it substantiaUy fulfils the 
promise held out in the prospectus ; and having now collected the rough materials, I trust to be able, should another 
edition be called for, to dear them of the dross by which they are now disfigured, and present them in a form 
that wUl in some measure justify the public approbation. In the haste of publication several errors have gained 
admission, the more prominent of which are noticed in the errata. I am by no means insensible to the import- 
ance of rigid accuracy in works of any scientific pretension ; yet, inasmuch as I believe the errors of the present 
work will be found to be errors, not of ignorance, but, at the worst, of haste or inadvertence ; as they inculcate no 
false views, involve no dangerous fallacy, and, for the most part, carry their own correction, I believe that 
they cannot materially diminish the utility of the work, or impair the authority of its statements. 

The success of the present work, in a commercial sense, has long been put beyond doubt by the circu- 
lation it has reached ; and from the press it has received a greater measure of praise than, I fear, its merits 
justify. The preliminary and practical portions of the work have, for the most part, been executed by me, 
the disquisitions upon the slide valve and parallel motion are taken from the '^ Artizan," and other portions of 
the work are by various members of the Artizan fraternity. In the practical part of the work I have been able 
to obtain bu{ little assistance from previous authors, and many of the subjects discussed are now brought for 
the first time before the public Mr. Farey's work, though of great merit, gives but little information of any 
kind touching modem engines ; and Tredgold's work is chiefly made up of mathematical subUmities, which have 
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but little relation to practice. From this judgment must be excepted the admirable description by Mr. Robert 
Stephenson of his locomotive engine, contributed to Tredgold's work ; but the utility of that description is greatly 
diminished by the changes introduced into the locomotive engine since the time it was written, and by its own 
speciality, which, in the first instance, was its highest merit The treatises of Dr. Lardner and Mr. J. Scott 
Russell upon the steam engine, though most creditable performances, come scarcely under the denomination of 
practical works, and the same remark applies to the treatise by Pambour ;-so that the domain of practical detail 
appears, to have been but little explored by engineering authors, or, if explored, the public have not profited by 
the research. The practical part of the present work may, therefore, be regarded as a first attempt ; and if 
the difficulty of the undertaking be consequently greater, so should the lenity be with which it is regarded. 

To the leading engineers of the country my acknowledgments are due for the drawings they have furnished, 
and the many aids they have lent to the present undertaking. I have also to acknowledge the kind aid and 
encouragement afibrded by Sir Robert Peel, through whose friendly offices Her Majesty's patronage was first 
given to the work, and through whom the permission is now conveyed for its Dedication to Her Majesty. The 
Artizan classes will, I am sure, appreciate these courtesies — for to them are they addressed. 



JOHN BOURNE. 



April, 1846. 



PREFACE TO THE THIRD EDITION. 

The demand for this work having exceeded my expectations, and I fear I must also say its own deserts, I have 
made an attempt in this edition to introduce such improvements as will render it more deserving of the public 
approbation. In the introductory remarks upon the subject of boilers, and in various other parts of the work, 
much improvement will be visible ; and I have introduced some additional plates and cuts, with the view of 
bringing up the infonpation the work contains to the present state of science. No work more speedily becomes 
antiquated than a Treatise on the Steam Engine ; but this result, it is obvious, may be in a great measure 
obviated when a new edition is called for every year. 

On a former occasion I expressed my acknowledgments to the leading engineers in the coxmtry for the many 
aids they had lent to the present undertaking ; but there are still some persons who place their trust in secrets, 
and who can affi)rd no more charitable supposition, when they see an acquaintance with steam machinery 
exhibited, than that their secrets must have been filched by some clandestine process. Some of these persons 
have been making insinuations in reference to this work, which I shall not notice farther than to say that if set 
before the public, the revelation would render them but slender service, and their prudence will probably suggest 
the inexpediency of such an exposure. It is a presumption at least, that a work is useful, when the main 
objection brought against it is that it tells too much ; and those only can impute such a fault, who will not 
understand that it must be by other means than by the aid of certain recipes of perfection, that eminence is to 
be perpetuated or attained. 

JOHN BOURNE. 

London, December 20tb, 1848. 
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A TREATISE ON THE STEAM ENGINE. 



PRELIMINARY DISCOURSE. 

A TBSATISE on the Steam Engine wonld, we suppose, hardly be reckoned 
orthodox if it began in any other way thui with an account of the doings 
of SaTcry, Papin, and the other patriarchs whose names figure in the 
history of steam invention. The devices indeed of these ancient worthies bear 
▼ery Uttle resemblance to the modem steam engine, and can throw but 
little light upon its structure or mode of operation ; but it was out of 
these primitive contrivances that the modem steam engine arose, and they 
derive a sufficient dignity from that relationship to make them the objects 
of a just curiosity. We think, therefore, that some slight sketch of the 
expedients employed in the early career of steam improvement is but a 
reasonable prelude to a Treatise on the Steam Engine, and is indeed indis- 
pensable to the integrity of such a work : But we fear our qualifications 
for the task are by no means so conspicuous, for delineations of this kind 
require a light and graceful pencil, and become intolerable in the hand of 
a vulgar limner. T^e great art lies in saying just as much as the necessity 
of the case requires, and nothing more ; for a history of the steam engine 
is the least important part of a treatise on that sutgect, and only deserves 
a space answerable to its insignificance ; whereas by needlessly expanding 
this part of the work, or by elaborating trivial schemes into importance, 
the proper subordination of otgects is destroyed, and all those discriminating 
shades are obliterated which constitute the excellence of the picture. To all 
this we must add that people in these utilitarian days have neither time nor 
inclination to listen to long-winded descriptions of exploded projects in 
steam machinery, though they might like well enough to know something 
of the nature of those expedients if it can be told them in a few words : 
But they are not likely to perplex themselves with such inquiries as, who 
first forced water above its level by steam pressure, or solicited it to rise 
by a partial vacuum ? and to say the truth, such inquiries appear to us of 
about as much importance as the researches of those learned grammarians, 
who spend a lifetime in restoring a dative case, or adjusting a metre or an 
accent. The task, too, of resolving these frivolous problems is quite as 
tedious a one as that undertaken by the learned persons aforesaid; for 
after having ascended through history, by a most toilsome progress, to the 
first person guilty of disturbing the equanimity of water by steam pressure, 
the ^ade of some learned recluse who flourished in ancient times in China 
it may be, or Japan, will probably rise up with proofii of a still higher 
priority, and the idol just set up for universal adoration will be cast into the 
dost by this new authority, to be overthrown in its turn by the researches 
of subsequent enquirers. The fact appears to be, that the power of steam 
to raise water above its level was widely known in very ancient times, and 
appears .to have been occasionally employed by the Greeks and Egyptians 
for trivial, or rather for unworthy, purposes : But it is in modem times only 
that steam has been adapted to etids of weight or utility, and the history of 
the steam engine properly begins with that application. 

It is not to be expected that the historical narration on which we are 
about to enter should contain much that is new. The facts with which we 
must necessarily deal have often been stated before, and we believe now 
admit neither of much increase nor modification ; but it is not impossible, 
we think, to set these &ct8 in traer lights, and to deduce from them sounder 
oonclosions than have yet been realised. It appears to us to be a vice of 
many commentators, that they have attached too much importance to the 
deeds of individual projectors, and have estimated at far too low a rate the 
current intelligence of the time, of which indeed the proficiency of those 
exalted persons is to be regarded as merely the exponent They have set 
down the early progress of the steam engine as due altogether to the per- 
niicadty and contrivance of a few solitary adventurers, without hinting 
that some part of it might reasonably be ascribed to that spread of informa- 
tion and general advancement of knowledge to which that progress is in 
truth mamly attributable. The consequence of this fault is, that a host of 
projectors are made to ' shine aloft like stars,' whose merit, when tested by 
the general information of their own time, &des into insignificance. They 
■tand, it is true, in the van of improvement, but the elevation due to the 
CTJstin^ state of society is measured as a part of their intellectual stature ; 
aod while they are each presented to the imagination like a precipice start- 
ing abruptly to the skies in solitary and awful majesty, they are in truth 
only to he regarded as so many heights, which, whatever be their absolute 
thtoide, rise only a few feet above the other heights around them. It is 



absurd, therefore, to seek to elevate any of the early prcgeetors of the 
steam engine into greatness, for they were one and all persons of only 
ordmary intelligence and assiduity, of which every age has produced its 
thousands ; and the progress they made was owing rather to the natural 
flow of events ihsuk to any great genius or foresight on the part of any one 
of them. It is still more ifie to set down an^ one of these parsons as the 
inventor of the steam engine. Great inventions are necessarily of a slow 
growth, and are rarely &e produce of individual minds, but require time 
and experience as well as ingenuity to bring them to maturity, and indeed 
the happiest steps are sometimes the effect of accident In the intellectual 
as in the material world, the most precious productions are those which 
cannot spring to perfection at once, and it would be as reasonable to inquire 
to what refk-eshing shower, or to what gleam of sunshine, the stature of a 
stately oak is attributable, as to what individual mind we are indebted for 
the creation of our modem steam engine. The exertions of different 
minds are merely so many agencies that have been happily conducive to a 
g^reat result ; and it would be as jost to assign the invention of our 
modem men-of-war to Jason, as to assign the invention of the steam engine 
to Savery or De Cans. 

But whatever be the merit that is due to these ' sons of notoriety,' it is 
we think divisible only among those of them who have been instrumental 
in working out some practically usefhl result The mere men of specula- 
tion, who have suggested modes of doing things, but have never done them, 
are not to be ranked with those who have really accomplished something, 
in a case where the whole difficulty of the task hes in its practical achieve- 
ment Whatever else these ingenious persons may be, Uiey are certainlj 
not among the number of the improvers of the steam engine ; and their 
claims, if to be considered at all, ought in strictness to be considered as the 
claims of a distinct class of persons. Nor can the merit of such a class, 
under ordinary circumstances, be considerable, for there is nothing more 
easy than to originate vague ideas of improvement, though it is generally a 
very difficult thing to carry those ideas mto successfhl practice. M. Arago, 
however, and his followers it seems, have set the steam engine down as a 
French invention, because Solomon de Cans first adopted the idea of steam 
as a motive force, and Papin suggested tiie application of the cylinder and 
piston. It would be as reasonable, in our apprehension, to set down the 
battle of Waterloo as a French victory, because Napoleon adopted the idea 
of fighting it ; for the question in all such cases is, not who first adopted an 
ideal result, but who actually realised that result in practice. The scheme 
of Solomon de Cans was neither useful nor new, and Papin's project was 
so impracticable, that he himself abandoned it in favour of Savery's scheme. 
We have no evidence that either of those persons ever completed an engine 
of any kind. Papin's scheme, as he first proposed it, was worse than the 
previous project of the Marquis of Worcester, for it was without a boiler ; 
and after several gyrations he certainly left the steam engine in as imper- 
fect a state as if he had never meddled with the subject If, therefore, we 
were disposed to retort upon M. Arago his pitiftd nationality, we might 
with some plausibility say that his prooft only show the lamentable barren- 
ness of the French intellect ; for the very ideas which, in the minds of 
Englishmen, have quickly grown up to a rich maturity, and have blessed 
all nations with countless new enjoyments, have, when implanted in the 
minds of Frenchmen, invariably £ul^ to produce any useful result But 
this is idle. The steam engine happens, no doubt, to be firom first to last 
an English invention ; but that r^iult, we conceive, is not so much to be 
attributed to the superior genius of ^e English people as to the force of 
circumstances, which made some such instrument as the steam engine more 
valuable to England than to other nations. If France had possessed valu- 
able mines lying under water, and at the same time an abimdAnce of coal 
ready to be made instrumenUd for their recovery, there is every reason to 
suppose that the steam engine would have been a French invention ; and 
we think the consideration that our honours are the result merely ot acci- 
dent, ought to reconcile that ingenious people to a priority it is idle to 
contest No nation can be expected to excel another nation of equal power 
and intelligence in every thing ; and if it be the fkot, as we willingly admit, 
jhikt the French excel us in some things, they must be content to give us 
the palm in others, one of which certainly is steam engineering. — There 
is no end, however, of these speculations, and we fear they are neither 
very captivating nor very convincing ; so that we shall here cut them 
short, and proceed without further preamble to the history of the invention. 

B 



Preliminary Discourse. — HerOy De Garay, Porta, De Cans, and Branca. 
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The history of the steam engine is divisible into five great epochs. The 
first extends fit>m the times of die ancients to the first effectual application of 
the boiler, which appears to have been accomplished bj the Marquis of Wor- 
cester, and it was tms single step that turned the toys of Hero and De Caus 
into a true and useful steam engine. The second epoch is distinguished by 
the employment of a vacuum as an aid to the simple pressure of the steam. 
The third epoch relates to the successful application of the cylinder. The 
fourth to the condensation of the steam by injection, to the movement of 
the valves by the engine, and to the various improvements in detail, which 
were carried into effect by Smeaton. The fifth epoch is that distinguished 
by the application of the condenser, and the other improvements of Watt, 
which brings down the history to our own times; as since the steam engine 
left the hand of Watt, no improvement involving a new principle has been 
added to the list Under each of these heads we have a few observations 
to offer. 



FROM THE TUIES OF THE ANCIENTS TO THE INTRODUCTION OF THE 

FIRST FEASIBLE 8TEAX ENGINE. 

The ancients appear to have had very vague notions of the nature of 
steam. They believed in the existence of only four elements — fire, air, 
earth, and water } and thought that water was turned into air when dis- 
sipated by evaporation. Thus Plato says, ** That which we now call water 
becomes as a stone, or solid, but being melted and diffused becomes gas or 
air ; " and it was the prevalent notion of his time, and of many subs^uent 
ages, that water is turned into air by heat In consequence of this mis- 
conception, it is often difficult to understand, in the description of ancient 
pneumatic contrivances, whether steam or air was the moving power, and we 
have indeed generally to form our conclusion on this head from tiie nature 
of the arrangement. We have, however, very clear evidence that both 
steam, and air expanded by heat, were often useid by the ancients as motive 
powers, and some of the expedients employed for that purpose are of con- 
siderable elegance. In a work which has been often referred to, entitled 
Sptritalia seu Pneumaticoy written by Hero, a philosopher of Alexandria, 
about 130 years before the Christian era, a variety of devices are set forth 
for elevating liquids, and obtaining rotatory motion by means of air and 
steam, of which we shall only enumerate those in which it is beyond doubt 
steam was the agent The first of these is a method of causing wine to flow 
from the hands of effigies set beside an altar, after the fire upon the altar has 
been lighted. A steam-tight vessel or vase, containing wine, is pbced within 
each effigy, and the altar is made hollow, and is partly filled with water, 
bent pipes being conducted from the space above the water in the altar to 
the spaces above the wine in the vases, and other tubes again being led 
from beneath the level of the wine in the vases to the hands of the efiSgies. 
When, therefore, says Hero, you are about to sacrifice, you must pour 
into the tubes a few drops, lest they should be iigured by heat and attend 
to every joint lest it leak ; and so the heat of the fire mingling with the 
water will pass in an aerial state through these tubes to the vases, and press- 
ing on the wine make it pass through the bent syphons, until, as it flows 
from the hands of the living creatures, they will appear to sacrifice as the 
altar continues to bum. 

The instrument for the production of rotatory motion is one of great 
ingenuity, and has all the qualities of a true and efficient steam engine, 
except its size. This instrument is called the .£oUpile, and is identical in 
all its material features with the engines lately constructed by Avery in 
America, and Ruthven of Edinburgh, in this country. These engines are 
more expensive in steam than ordinary engines, and travel at an incon- 
venient speed ; but in other respects they are quite as effectual, and their 
construction is extremely simple and inexpensive. The substance of Hero's 
recipe for the construction of an ./Ek>lipile is this. Let a boiler be set on the 
fire, and nearly filled with water, and let its mouth be closed by a cover which 
is pierced by a bent tube, whose extremity fits exactly into a hollow sphere. 
But at the opposite end of the diameter (of the sphere) let there be an iron 
axis supported from the top of the cover, and let the sphere have two bent 
pipes at the ends of a diameter of the sphere, perforated therewith, and 
bent round in opposite directions ; and let the bends make right angles, 
and be in the plane perpendicular to the axis. Then it will follow that the 
boiler being heated, the vapour passing through the tubes into the sphere will 
rush out through the reversed pipes, and whirl the sphere round on its axi& 

Hero specifies another modification of this instrument for giving motion 
to automaton figures, so as to induce the idea of supernatural intervention 
among the superstitious multitude by whom the heathen temples were fie- 
quented ; but here heated air, instead of steam, is made the primum mobile, 
in order that the inciting power may be invisible. There is no doubt that 
pneumatical contrivances were extensively employed by the priests in 
ancient times for deluding the people, and it is easy to conceive that such 
treatises as that of Hero, which discovered the nature of those pious frauds, 
must have been the occasion, at the time, of infinite scandal The cele- 
brated statue of Memnon, which uttered sounds every morning at sunrise, 
was, no doubt indebted to some such artifice as one of those described by 
Hero for its mysterious power. Very few of the devices he mentions are 
of his own invention, but most of them existed for ages before his time, 
although the knowledge of their structure and mode of operation appears 
to have been confined chiefly to the priests. 
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On the revival of classical learning throughout Gothic Europe the work 
of Hero attracted earnest attention, and several translations of it were made 
which afforded an early exercise to the infant art of printing. A know- 
ledge of the expedients of the ancient mechanicians was thns widely 
diffused, and it was probably one of them that was reproduced in Spain in 
1543 by Blasco de Oaray, a sea-captain, for the propulsion of vessels. This 
contrivance, whatever may have been its real nature, appears to have been 
very effectuaL Commissioners were appointed by the Emperor Charles V. 
to test the invention at Barcelona on the 17th of June 1543, and the result 
was that a ship of 200 tons burden was propelled by the machine at the 
rate of three miles an hour. Nothing fiuther is known of the invention 
than that the vessel was propelled by paddle wheels, and that ihe moving 
force was derived fit)m a boiler containing water, which, it was said, was 
liable to explode. It appears unaccountable that after the successftd result 
realised by Garay, no fiuther step should have been taken respecting his 
plan. He was rewarded by the Emperor, and promoted into a higher rank, 
but his ingenuity does not appear to have been ever turned to any useM 
account, and his scheme was never introduced into practice. 

The various works on mechanics, published about the close of the six- 
teenth century, are full of expedients for the elevation of water similar tp 
those of Hero, but much less refined ; and Baptista Porta, in his book on 
Pneumatics, published at Naples in 1601, incidentally makes mention of 
the following contrivance, not indeed as any discovery of his own, but 
merely as an arrangement of convenience, in an experiment for ascertaining 
the relative bulks of water and steanL ** Construct a box of glass or tin, 
having a hole at the bottom through which is introduced the neck of a flask, 
containing one or two ounces of water, and let the neck of the flask be so 
luted to the bottom of the box that there be no leakage. Near the bottom 
of the box let a pipe ascend, but at such a distance from the bottom as to 
permit the water to get out which pipe passing through the cover is to rise 
a short distance above it The box is to be filled with water by an aperture 
which is afterwards to be closed up, steam tight This being done, place 
the flask upon the fire, and as it becomes slowly heated, the water being 
gradually dissolved into air will press upon the water in the box, and acting 
forcibly against the water which issues through the pipe, will not escape : 
and if we continue the heat the whole of the water subjected to it will be 
evaporated, and during such evaporation the air wiU constantly press upon 
the water in the box, and the water wiU constantly spring from it" A 
similar arrangement is mentioned in a work by Solomon de Caus, a native 
of Normandy, or at all events a Frenchman ; not for the philosophical 
purpose mentioned by Porta, but merely as an illustration that water might 
be raised above its level by fire, a truth known from the remotest antiquity. 
The work of De Caus, to which we have referred, is entitled Les BcUwng 
des Forces Mouvantes avec diverges Machines tant utiles que plaisantes, Paris, 
1623. This work is dated Heidelberg, 1615, and the first edition appears 
to have been published at Frankfort: it contains the following among 
several other theorems of equal insignificance : — ** Take a ball of copper well 
soldered at every part ; it must have a vent-hole to put in the water, and 
also a tube which is soldered to the top of the ball, the end of which ap- 
proaches near to the bottom of the ball without touching it After filling 
this ball with water through the vent-hole, stop it close and put it on the 
fire ; then the heat striking against the ball will cause all the water to pass 
through the tube.*' De Caus also mentions a scheme of a solar fountain, but 
it as well as the preceding, are merely clumsy imitations of some of the 
contrivances descnbed by Hera He gives the following illustration of the 
great force of steam : — ** Take a ball of copper of one or two feet diameter, 
and one inch thick, which being filled with water by a small hole sub- 
sequently stopped by a peg, so that neither air nor water can escape, it is 
certain that if the s&id ball be put over a great fire so that it may become 
very hot it wiU cause so violent a compression, that the ball will be shat- 
tered in pieces." The great force of steam,, however, was very well known 
to the ancients, who even went the length of ascribing earthquakes to pent 
up vapours, generated by subterranean heat ; and for ages the lime burners 
of Italy had been obliged to be careful of introducing hollow limestones 
into their kilns, as the water within them, when converted by the heat into 
steam, caused dangerous explosions. M. Arago, however, tells us that the 
ideas of the ancients respecting the force of steam had never reached any 
thing like the numerical appreciation realised by such experiments as those 
of De Caus. We confess that we are at a loss to understand wherein this 
numerical appreciation can consist for although De Caus or Rivault may 
have ascertained that steam will burst a certain ball or bomb, they never 
ascertained what sort of ball or bomb steam will not burst so that they 
did not establish any limit to the power of steam, but only showed that it is 
capable of very powerful effects. This, however, was known long previously ; 
and in attributing to the force of pent up steam even such stupendous com- 
motions as earthquakes — the upraising of continents and rending asunder 
of mountains — the ancients must have had at least quite as magnificent ideas 
of the force of that mighty agent as is to be afforded by the bursting of a 
ball or bomb, and we cannot perceive in what way an experiment establishes 
any thing which only proves that the power of an agent is adequate to the 
production of effects far more paltry than are known to be within the range 
of its capacity. 

A contrivance for obtaining a rotatory motion from steam is described by 
Giovanni Branca, in a work published at Rome in 1629, entitled £e 
Machine; volume nuovo et di multo artificio da fare effetti maravigliosi 
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sn tanto muitali quanta di ctnmaJk operatume. This contriTance consists of 
a wheel romished with boards set roond its periphery, after the manner of 
aa utdershot water wheel, against which a jet of steam proceeding from a 
hoiler is made to impinge, thereby forcing the wheel into revolution. An 
angine on this plan would necessarily be very ineffectual, and would indeed 
be greatly inferior to the iEolipile of Hero, for although it is undoubtedly 
the flict that the power of steam issuing from an onfice is expended in 
giTin^ Telocity to its own particles, and ought therefore, theoretically 
speakmg, to be again surrendered bjr those particles during impact, ^et 
this resolt cannot be realised in practice, and the great velocity at which 
the wheel requires to travel, makes the scheme perilous and impossible. 
Hr. Pilbrow, however, has during the past year revived this species of 
engine, and has taken out a patent for the particular arrangement he pro- 
poses. His engine is described and delinei^ in the first volume of Ths 
Aktisan, and the causes are there pointed out, with considerable fulness 
of detail, which must prohibit its success. 

The whole of the contrivances we have hitherto enumerated are mere 
mechanical toys, and although not incapable of usefid applications, they 
appear only to have been employed to excite the wonder of the ignorant, 
and were never used for any serious purpose. To this judgment indeed 
the machinery of Blasco de Oaray is an exception, for in that case, if the 
reports whioh have reached us may be relied upon, a uscfol result was 
anioubCedly realised. Yet this result contributed nothing to the success 
aabsequently reached, and is rather an episode in the history of steam im- 
provement, than a link in the chain of progress. The trial of De Qaray's 
machinery indeed was a mere experiment, a successful one it is true, but 
one nevertheless which was barren in ttt effects, for in a few years all 
recollection of the achievement had become obliterated, and the contrivance, 
whatever might be its merits, was certainly never reduced to successful 
practice. It appears extremely probable that the machinery employed by 
be Garay was merely the ancient iEk)Ilpile on a superior scale of mag- 
nitude, for the low state of the mechanical arts in his time, and the small 
mechanical refinement to be expected of a sea-captain, equally discourage 
the idea that he should have reached any very exquisite or difficult kind of 
mechanism. It is idle, however, to speculate on such a subject, and we 
must therefore rest content with the certainty that the scheme of this enter- 
prising person was never brought into practice, and that up to the epoch 
at which we have now arrived no usefiil application of steam power to the 
purposes of life had been accomplished. 

The next name on our list is the Marquis of Worcester, who in 1663 
published a pamphlet addressed to King Charles II. and the English Par- 
liament, entitled ** A Century of the Names and Scantlings of the Marquis of 
Worcester's Inventions," with the view to obtain the aid of government for 
their prosecution. Among many ingenious and some fantastic and preposte- 
rous devices, we have the following fire water- work, "An admirable and most 
fbrcible way to drive up water by fire ; not by drawing or sucking it upwards, 
ibr that must be as the philosopher calleth it * infht sphseram dctivitatis,' 
wluch is but at such a distance, but this way hath no bounder if the vessel 
be strong enough ; for I have taken a piece of whole cannon, whereof the end 
was burst, and filled it three quarters full of water, stopping and screwing 
up the open end, as also the touch-hole, and making a constant fire under 
it ; within twenty-four hours it burst, and made a great crack, so that having 
a way to make my vessels so that they are strengthened by the force within 
them, and the one to fill after the other, I have seen the water run like a 
eonstant fountain stream, forty feet high. One vessel of water rarefied by 
fire driveth up forty of cold water, and a man that tends the work has but 
to turn two cocks that one vessel of water being consumed another begins 
to force and re-fill with cold water, and so successively ; the fire being 
tended and kept constant, which the self-same pemn may likewise abun- 
dantly perform in the interim between the necessity of turning the said 
cocks." 

This is the first feasible scheme for raising water by steam power that 
history records, and it is in that application that the modem steam engine 
had its origin. Previous projectors had in no way improved upon the 
expedients described by Hero, and indeed in by fSEur the minority of cases 
the movement had been retrograde ; but in the Marquis of Worcester's 
contrivance we have an engine of respectable efficacy applied to a weighty 
purpose, andftt)m his time the progress onward has never been interrupted,- 
but improvement has followed upon improvement, until the steam-engine 
has become what we now find it It is idle to say that the Marquis of 
Worcester's project was only a reproducUon of that of De Cans. The 
instrument of De Cans was a mere toy, not intended, and certainly not 
adapted for any purpose of practical utility, whereas the Marquis of Wor- 
cester enumerates many important practical uses, to which his engine might 
be applied, and many of them it certainly would have been perfectly com- 
petent to compass. In another part of his Century he says that his water 
work **is by many years' experience and labour so advantageously by me 
contrived, that a child's force bringeth up an hundred foot high, an incre- 
dible quantity of water, even two foot diameter, so naturally, that the work 
will not be heard into the next room, and with so great ease and geometrical 
symmetry, though it work day and night from one end of the year to the 
other, it will not require forty shillings' reparation to the whole engine, nor 
hinder one day's work, and not only with little charge to drain all sorts of 
mines, and furnish cities with water though never so high seated, as well 
ii to keep them sweet, running through several streets, and so performing 



the work of scavengers, as well as fhrnishing the inhabitants with suffi- 
cient water for their private occasions." 

It appears very clear from these descriptions that the Marquis of Wor- 
cester not only had succeeded in making a powerful and effective engine, 
but had arrived at a very just conception of the important ends such a 
machine may be made to ftilfiL None of the contrivances before his 
time were provided with means to make their action continuous, and the 
instrument of De Cans, so fkr fh>m being adapted to raise water firom a 
mine, or for the supply of towns, had merely the power of emptymg itself 
of the boiling water with which it was filled. Indeed, it appears undeni- 
able that the Marquis of Worcester was the first person, so fkr as our 
present knowled^ extends, by whom **a water-commanding engine" of 
any power or utility was constructed, and he seems to have brought his 
contrivance to nearly all the perfection of which that species of engine is 
susceptible. There is no evidence that he made use of the atmospheric 
pressure as an aid to the final effect, but he seems perfectly conscious of 
the applicability of that agency, and indeed speaks as if such an application 
was very well understood in lus time. We are not aware that there is any 
drawing extant of this machine ; and the various hvpothetical delineations 
of it that we have seen err, we think, in representing it as provided with only 
one boiler, for there could not in this kind of engme have been any feed- 
pump, and in the absence of that instrument two boilers must have been 
indispensable to make the action of the engine continuous. Besides the 
description says, that ** one vessel of water being consumed another begins 
to force, and refill with cold water," which we take to mean that when 
the water of one boiler was evaporated it was filled up with cold water, and 
the other was in the meanwhile put into operation ; the water in the boiler 
last filled having again become hot before that in the other was exhausted. 
One of these engines appears to have been set up to draw water out 
of the Thames at Vauxhall, and is thus spoken of by Cosmo de Medici, 
who inspected it in 1653. '* It raises water more than 40 geometrical feet by 
the power of one man only, and in a very short space of time will draw up 
four vessels of water through a tube or channel not more than a span in 
width, on which account it is considered to be of greater service to the 
"public than the other machine near Somerset House, which last was one 
driven by two horses. We should be disposed to infer from this account, 
that the principle of the atmospheric pressure was employed in this engine, 
for it is difficult to see by what power, other than suction, the necessary 
rapidity of motion could be ^iven to the water in the pipe leading firom the 
river to the engine, and which would appear to be smaller than the pipes 
applied in other cases. 

We have now, then, brought the history of the steam engine down to the 
point at which its application to purposes of utihty begins, and we believe 
most of our readers will concur with us in the opinion that the Marquis of 
Worcester's ** water-commanding engine " was the first machine moved by 
fire of efficacy and permanence. To it, indeed, the pedigree of the modem 
steam engine is easily traceable, while between the epochs of Lord Wor- 
cester and of Hero nothing appears to have been contrived of novelty or 
merit in this department of ingenuity. We are not disposed, however, to 
attach any great merit even to Lord Worcester's contrivance, for it is 
deducible, without any great stretch of the imagination, from the schemes 
of Hero ; and indeed there is very little doubt that the ancients would have 
realised a very ^ectual steam engine if they only had possessed mines 
that required to be drained, and coal to bestow on such a purpose. It is to 
the force of circumstances chiefiy that the superior proficiency of the present 
age in such devices is to be ascribed ; and we hold it vicious in principle to 
confound this impelling power with the ingenuity appertaining to puticular 
inventors, and which nature dispenses with wonderful uniformity to all 
generations. 

FROM THE nrmODUCnON OF THE FIRST USEFUL STEAM ENGINE TO THE 
APPLICATION OF THE PRINCIPLE OF A VACUUM. 

We have already hinted our belief that the method of raising water by 
the action of the vacuum, or to speak more properly, by the atmospheric 
pressure, was not unknown to the Marquis of Worcester, and that m one 
of his engines erected at Vauxhall that agency was probably employed. 
We have no proof^ however, that such was the case ; and in the description 
of his engine in the ** Century of Inventions," he certainly disclaims the 
use of a vacuum, at least as a chief agent In the engme of Captain 
Savery, however, of which we must now say something, the plan of a 
vacuum is introduced with much effect, and instead of the water in his 
engine being forced up all the way by steam pressure, the receivers, or 
forcing vessels, are situated thirty feet above the level of the water, to 
which height the water is drawn by the vacuum created within them. As 
the principle of the atmospheric presture is one which bears much upon 
this inquiry, it may be worth while to say a few words respecting it 

It was maintained by the greater number of the aneient philosophers 
that the existence of a vacuum was impossible, and was abhorrent to 
nature. Galileo was ihe first to suspect that the horror attributed to 
nature was imaginary, or was at least confined within limits of no very 
wide range, for on the application of a pump to a very deep well sunk by 
the Grand Duke of Tuscany at Florence, it was found that the water 
would not rise more than thirty-two feet, leaving the upper part of the 
pipe empty, Arom which Galileo inferred that nature's honor of a vacuum 
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didnot e^end^ond UiAUtipathTDf thir^-two feet of vBter. Thexpe- 
' cnlatiooi of Galileo vera proaecnted after hia death bj his pupil Tomcelli, 
vho^ in 1643, diaeorered Ibat the effort of onj fluid open to the almo- 
■phera to enter ■ tbcdoiu ipace is oviiiB to the preuuce of the air upon 
bodie* on the eaith'i lorbce. Thii diicover; gave a great impolae to 
mechuiica] ingeDoity, and mtnj nhemei irere conlriTed to make thU new 
agent BTulable aa a motiTe power ; bat the fint of theae projecti that 
appear* to hare been of anj aviul vai the fire engine of Captain Thomai 
Amrj, *bo produced a Tacnom bj condenaing ateam in close yewela, and 
then applied the vacnnm so obtained to the eleration of vater. SsTerf, 
bowever, also made nse of the elaatic force of Uie ateam after the maimeF 
proposed bj the Marquis of Worcester ; but he made the pressure of the 
atmosphere carrj the water np the first stage, which the Morqais of Wor- 
oester doea not appear to have done, although there most have been a 
Taeniun created in his receivers oa effectually as ia those of Savery, occa- 
noned by the condensation of the eteam on the entrance of the cold water. 
Saver; obtuned a patent from William HL "for raising water, and occa- 
sioning motion to aU sorts of mill-work by the impellent force of fire " in 
169B i and fbr aeveral yean thereafter be appears to hare been actively 




" AA the ftunaeec which contun the boilen I B 1, B a the two fire-places 1 
C the ftumel, or chimney, which i* eoomion to both ftunaeea. In these two 
ftimaees are placed two vessels of copper, which I call bollen, the one 
large, as L, the other small, aa D; D the small boiler contained in the ftir- 
nace, which ia heated bythe fire at B3 ; E the pipe and cock to admit cold 
water into the small boiler to fill it ; F the screw that covera and eonfinea 
the cock E to the top of the small boiler ; G a small gange cock at the top 
of a pipe, going within eight incbee of the bottom of the imall boiler ; Ha 



larger pipe, which goes the tame depth into the small tmler ; I a dack er 
valve at the top of the pipe H (opening upwards) ; K a inpe going than 
the box above the aiid ciack or valve, m the great boiler, and paasiog about 
an ipch into it ; LL the great biuler contained in the other furnace, which 
is heated by the fire at B 1 ; M, the screw with the regulator, which i* 
moved by the handle Z, and opens or abuts the apertures at which the 
steam passes out of the great boiler into the steam-pipea 00 ; If a amalt 
gauge cock at the top of a pipe which goes half way down into the great 
boiler ; O 1, O S, steam-pipes, one end of each screwed to the regntetor, 
the other ends to the receivers PP, to convey the steam from the great 
boiler into those receiven ; P I, P2, copper TesselacalledreceiTen, which 
are to receive the water which is to be raised ; Q screw joints, by which 
the branches of the water-pipes are connected with the lower parts of the 
receivers ; R 1, S, 3, and 4, valve* or clocks of brass in the water-pipei^ 
two above the branches Q, and two below them ; they allow the water to 
pass upwards through the pipes, but prevent its descent ; there are screw 
plo^ to take out on occasion, to get at the calves R ; 9 the forcing-[upe 
which conveys the water upwarda to iia place of delivery, when it i* forced 
ODt fWim the receivers by the impellent steam ; T the lucking-pipe, which 
conveys the water up Irom the bottom of the pit, to fill the receivers by suc- 
tion I V a square ft^e of wood, or a box, with holes round its bottom in 
the water, to enclose the lower end of the sucking-pipe, to keep away dirt 
and obstructions ; S a cistern with a buoy-eock coming fhim the foree-iape, 
BO as it shall always be kept filled with eold water ; Y Y a cock and pipe 
coming from the bottom c^ the said cittern, with a spout (o let the cold 
water run down on the outside of eitber of the receiver* P P ; Z the handle 
of the regulator, to move it by^ cither open or shut, so as to let the steam 
out of the great bailer into either of the receivers. 

71u Manner of teoriing tit Engine. 

" The fint thing it to fix the two bailers of the engine in a good double 
Aunace, ac contrived that the fiame of the Ere may circulate round, and 
encomptaa the boiler* to the beat advantagei aa yon do coppera for brewing. 
Befbre ynu make aoy fire, unscrew the two tnum gauge-pipes, and cocka^ 
Q and K, belonging to the two boilers, and at the holes, SU the great boiler 
L two-thirda Hill of water, and the small boiler D quite fnll ; then screw in 
the aaid [apee again aa fast and light as possible, and light the fire under 
the large boiler at B 1, to make the water therein boil, and tbe ateam of it 
being quite confined must become wonderfully compreased, and therefore 
irill, on ihe opening of a way for it to issue ont (wbich is done by pushing 
the handle Z of the regulator as far as it will go from you), roah with a 
great force through the steam pipe O 1, into the receiver P 1, driving out 
ail the air before it, and forcing it np through the clack R 1, into the Rirce' 
pipe, as you will perceive by the noise and rattling of that clack ; and, 
when all the air is thus driven out, the receiver P 1 will be very mwsh 
heiUed by the ateam. When yon find it is thoroughly emptied, and ii 
grown very hot, oa yon may both see and feel, then pull the handle Z of 
Uie regolator towards you, by wbich means you will stop the steam pipe 
O i, ao that no more steam can come into the receiver P 1, but yon wUl 
open a way for it to pass through the other steam pipe O i, and by that 
means fill the other receiver P S with the hot steam, until that vessel hat 
discharged its air through the clack R 9 up the force pipe, as the other 
vessel did before. 

"While this is doing, let aome cold water be poured on the fint-mentioned 
receiver P 1, from the tpoat Y, by which means the steam in it being 
cooled and condensed, and contracted into a very little room, a vacuum or 
emptiness is created, and coosequently the steam pressing but very little 
(if at all) on the clack R 3 at the bottom of the receiver P 1, there it 
nothing there to counterbalance the preasore of the atmcaphere on the 
aurfiice of the water at the lower port V of the aacking-pipe T, wheretbre 
the water will be pressed np, and aacend into and fill the receiver P 1, by 
what ii commonly called suction : the water as it rises lifts np the clack or 
valve R 3, which afterwards falling down again and shutting closer hioden 
the descent of the water that way. 

" The receiver P 3 being by this time emptied of it* air, path the handle 
of the regulator fhim you again, and tbe force of the steam coming from 
tbe great boiler will be again admitted through Q 1, and will act upon tbe 
aurtbce of the water contained in the receiver P 1 ) which sorface only 
being heated by the steam, it does not condense it, but the steam gravi- 
tates or presses with an elasdc quality like air, and still increasing its 
elasticity or spring until it counterpoises, or rather exceeds the weight of 
the column of water in the receiver and pipe S, which it will then neces- 
sarily drive np through the passage Q R I into the force-pipe 3. The itesm 
takes np »ome time to recover its power, but it will at lost discharge the 
water out at the top of the force-pipe 9, as it is represented in fig. 3. After 
the aame maner, though alternately, the receiver F 3 is filled with water 
by means of the auction, and then emptied by tbe impellent force of the 
tteam. whereby a regular stream is kept continually running out at top of 
the force-pipe S, and ao the water is raised very easily from the bottom of 
the mine, &c to the place where it ia deaigned to be discharged. I should 
add, that after the engine begins to work, and the water is risen into and 
hath filled the force-pipe 6, then it also fills the little cisteni X, and by 
that means supplies the apont or pipe Y Y, which I call the condensing 
pipe, and which by its handle can be turned sidewaja over either of the 
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TeoeiTen, and is then open ; by this spoot cold water ib conTeyed down from 
the force-pipe to fkll upon the oatside of either of the reoeiTers when 
thorooghlj heated by the steam, in order to cool and condense the steam 
within, and make it sack (as it is usually called) the water out of Uie well 
pp into that receiver. 

^ It is easy for any one, that nerer saw the engine, after half an hour's 
experience, to keep a constant stream ; for on the outside of the receiver 
yoa may see how the water goes out as well as if the receiver were trans- 
parent : for as fkr as the steam continues within the receiver, so &r is that 
Tesscl dry without, and so very hot as scarce to endure the least touch of 
the hand ; but as ftr as the water is withinside of the said vessel, it will be 
cold and wet on the outside where any water has fallen on it ; which cold 
and moisture vanish as ftst as the steam in its descent takes place of the water. 
But if you fbrce all the water out of the receiver, the steam, or a small 
part thereof, will go through the clack R I or R 2, and will rattle that clack 
so as to give notice to move the handle of the regulator, and then the steam 
begins to force out the water from the other receiver P, without the least 
titration of the stream, only sometimes the stream will be rather strouger 
than before, if you pull the handle before any considerable quantity oi 
iteam be got up the clack R : but it is much better to let none of that steam 
go qXL for that is but losing so much strength, and it is easily prevented by 
paUing the regulator some little time before that receiver whidi is forcing 
is quite emptied. 

** This being done, turn the cock, or condensing pipe T of the cistern X, 
over the empty recover, so that the cold water proceeding from X may 
nn down through T, which is never opened but when turned over one of 
the receivers, but when it stands between them is tight and stanch. 
This cold water fidling on the outside of the receiver, by its coolness 
causes that steam which had such great force just before, to condense and 
become an empty space, so that the receiver is immediately refilled by the 
external pressure of the atmosphere, or what is vulgarly called suction, 
whilst the other receiver is emptying by the impellent force of the steam, 
which being done, you push the handle of the regulator from you, and 
thus throw the force into the other receiver, pulling the condensing pipe 
over the receiver P 2, causing the steam in that vessel to condense, so 
that it fills while the other empties — the labour of turning these two parts 
of the engine, viz. the regulator and condensing water-cock, and teuding 
the fire, being no more than what a boy's stren^ can perform for a 
day together, and is as easily learned as their driving of a horse in a tub- 
gin. Tet after all, I would have men employed in working of the engine, 
and those too the most apprehensive, supposing them more careful than 
boys : the difference of this charge is not to be mentioued when we con- 
sider the vast profit which those who use this engine will reap by it 

** The ingenuous reader will here probably object, that the steam being the 
cause of t£us motion and force, and that as steam is but water rarefied, the 
boiler L must in some certain time -be emptied, so as the work of the 
engine must stop to replenish the boiler, or endanger the burning out or 
melting the bottom of the boiler. To answer which, please to ob^rve the 
use of the small boiler D ; it is supplied with water from the force-pipe by 
a small pipe and cock E ; when it is thought fit by the person tending the 
engine to repIeniA the great boiler (which requires about an hour and a 
haSr or two hours' time to the sinking one foot of water), he turns the cock 
E, so that there can be no communication between the force pipe S, and 
the small boiler D, and patting in a little fire under the small boiler at B 2 
the water will there grow presently hot, and when it boils, its own steam, 
which hath no vent out, will gain more strength tiian the steam in the 
great boiler. For the force of the great boiler bein^ perpetually spending 
and going out, and the other confined and increasing, it is not long before the 
force in tiie small boiler exceeds that in the great one ; so that the water in 
tiie small boiler being depressed by its own steam pressing on its surface, 
will force the water up the pipe H, through K, into the great boiler L ; and 
so long will it run till the surface of the water in the small boiler D gets to 
be as low as the bottom of the pipe H, and then the steam and water will 
run together, and by its noise and rattling of the clack I, will give sufficient 
assurance to him that works the engine that the small boiler hath emptied 
and discharged itself into the ^ater one L, and carried in as much water 
as is then necessary ; after which, by turning the cock E again, you may 
let f^h cold water out of the force-pipe S into the lesser boiler D, as before, 
and thus there will be a constant motion and a continual supply of the 
engine, without fear of decay or disorder. And inasmuch as from the top 
of the small boiler D to the bottom of its pipe H (which is within eight 
inches of the bottom of the boiler) there is contained about as much water 
as will replenish the great boiler L one foot, so you may be certain it is 
replenished one foot of course. 

** Also, to know when the great boiler wants replenishing or not, you need 
only turn the gauge-cock N, and if water come out there is no need to 
replenish it, but if steam only come, you may conclude there is want of 
water ; and the like will the cock G do in reference to the small boiler D, 
showing when it is necessary to supply that with fresh water from S, so 
that in working the engine there is very little skill or labour required ; it 
is only to be injured by either a stupid or wilful neglect 

** ijid if a master is suspicious of the design of a servant to do mischief, it 
is eauly discovered by those gauge-pipes ; for if he come when the engine 
IS at work, and find tne surface of the water in the great boiler L below the 
bottom of the gange-pipe N, or the water in the small boiler D below the 



bottom of the gauge-pipe 6, such a servant deserves correction, though three 
hours after that, &e working on, would not damage or exhaust the boilers. 
In a word, the clacks being, in all water-works, always found the better 
the longer they are used, and all the moving parts of our engine being of like 
nature, the fiimace being made of Sturbridge or Windsor brick or fire- 
stone, I do not see it possible for the engine to decay in many years ; for 
the clacks, buckets, and mitre-pipes, regulator and cocks, are all brass ; and 
the vessels made of the best hammered copper, of sufficient thickness to 
sustain the force of the working of the engine. In short, the engine is so 
naturally adapted to perform what is requured, that even those of the most 
ordinary and meanest capacity may work it for some years without any 
itgury." 

A good many of these engines appear to have been constructed and set 
to work. They were not employed, however, in any case in which water 
had to be lifted fh>m a great depth, as the great pressure of steam requisite 
to overcome the gravity of a high column of water was reckoned inconve- 
nient and dangerous in those days of frugile boilers and imperfect work- 
manship. These disadvantages appear to have been the chief cause of the 
relinquishment of Savery's engine in fSuvour of that of Newcomen ; for in 
the early career of Newcomen's contrivance the useful effect under certain 
circumstances was inferior to that of the engine it superseded, and the 
first expense was greater : but then Newcomen's plan made the column of 
water that could be lifted independent of the pressure of the steam, an 
increase in the height of the column only requiring an increase in the 
diameter of the cylinder. The details of Savery's contrivance are extremely 
judicious, and the scheme altogether speaks veiy favourably of his inge- 
nuity and perseverance. It has been a matter of controversy whether he 
invented the engine altogether himself, or borrowed the idea from the 
Marquis of Worcester, and merely matured the plan of that noble mechanic. 
Desaguliers retails an idle story of Savery buying up the Marquis of Wor- 
cester's book in Paternoster Row and destroying it, so that the priority of 
the Marquis might remain unknown ; but we give vexr little credit to the 
tale. There were probably at the time some of the Marquis's engines in 
being, which would be a much more conclusive testimony than any book 
could be, and at least there must have been many persons then living who 
recollected the engine set up by the Marquis at VauxhaU. Besides, the 
very act of buying up a book which had been many years in circulation, or 
rather of attemptmg to buy it up, would be the surest way to attract at- 
tention towards it, and thus produce the very disclosure it was Savery's im- 
puted object to avert We think it likely enough that Savery may have in- 
vented tlus engine entirely himself, without knowing anything of what the 
Marquis of Worcester had done forty years before, although in the pursuit of 
the subject he must of course have become acquainted with the achievements 
of his predecessor. The same wants generate so naturally the same expe- 
dients for their relief, that simultaneous discoveries and inventions become 
inevitable, and identical projects start up at different epochs without imita- 
tion, under the force of similar circumstances. The ingenuity, too, dis- 
played by Savery in the details of his engine encourages the idea that it 
may have been altogether of his own contrivance, for he does not appear 
to have been unequal to such a performance, which indeed it did not 
require any very brilliant genius to accomplish. But whatever conclusion 
may be come to upon this head, we are at least certain that it was Savery 
who first introduced the fire-engine into extended use ; and he prosecuted 
his undertaking with great assiduity and success ; though, as he says, he 
«* was obliged to encounter the oddest and almost insuperable difficulties," 
and at a great expenditure of energy and means. The merit of this achieve- 
ment is in our apprehension much greater than that of the mere invention 
of the machine ; for such a work is one of equal difficulty, and of infinite toil 
and discouragement, and is little lightened by the bright dreams of fancy 
or the consolations of applause. 

FROM THE APPUCATTON OF THE PRINCIPLE OF ATMOSPHEBIC PRESSURE 
TO THE INTEODUCnON OF THE CTUNDEB. 

About seven years after the discovery of the pressure of the atmosphere 
by Torricelli, Otto Guericke, a magistrate of Magdeburgh, without any 
knowledge of what Torricelli had done, succeeded in obtaining a vacuum 
in a cask by means of an air pump, and contrived a great variety of 
ingenious pneumatic apparatus ; some for raising water in a pipe by 
means of an exhausted receiver screwed on the top, and others for lift- 
ing a great weight by means of a cylinder fitted with a piston, beneath 
which was a vacuum, while the atmosphere pressed on its superior sur- 
face. The nature of the arrangement he adopted in this latter case will 
be at once apprehended by a reference to the annexed figure, where A 
is a cylinder fitted with a piston, to the shank of which a rope is attached, 
passing over the puUies B and C with a scale D hang at its extremity 
loaded heavily with weights. A small pump was screwed into the lower 
part of the cylinder, by means of which the cylinder was exhausted, and 
the piston descending raised the weights. 

We have in these ingenious devices the same mechanical arrangements 
as those afterwards employed by Savery and Papin in their projects ; and 
indeed the only material difference between the cylinder apparatus here 
represented and the atmospheric steam engine is that in the one case the 
vacuum is produced by means of a pump, and in the other by the conden- 
sation of steam. It is in the production of a vacuum, therefore, by the 
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•gene; of Heam, tint any merit 
In ihe coutriTUice of the al- 
mMpberic tteam engine mtut 
ba held to conaitt, for the 
efficacj of ■ Ticaum when 
produced in railing heavj 
veighta, or in the production 
of Mher powerful mechanical 
effecU, coold not fail after 
Guericke'a eiperimeDts to be 
obTioiu to every one. Saverj 
•ays he diacovered the efficacy 
of nean in the produeiion itf 
a Tacuom by plnaging the 
neck of a flaik he had acci- 
dentally thrown upon the fire 
with a little trine m it into a 
baain of water, vbeo the 
Meam raised from the wine 
was condensed, and the water 
rose into the flnslc and filled ; 
but Dewgulien throws dis- 
credit upon thia account, by 
laying that m inch an experiment the flask would have been forced ftnm 
the hand of the operator by Uie impulse of the entrant water, a circumstance 
•at which Sarery makes no mention. Mr. Scott Russell, however, says that 
lie ha* tried the experiment manj limes, and that the catastrophe indicated 
by Desagulien is conditional upon Ihe diameter of the neck of the flasl(,the 
temperature <^the water, and other circnmslances, so that wc really see Tery 
Ihlle reason to doubt the truth of Savery's statement. The date of this ex- 
periment of Saverf 'i does not very clearly appear. It mutt of coarse have been 
antecedent to his patent of 1693; but whether it was before the ^ear 1 690, at 
which time Fapin published a scheme for creating a lacuum m a cylinder 

5 the condensation of steam, is uncertaiiL The question, however, is one 
very little moment, fbr both of these projectori were long preceded in 
their discoTeneij the method of producing a vacuum by steam agency 
having been kanrn even before any idea had been formed of the atmo- 
spheric pressure. The manner of re-filling the ,£olipile was to plunge it, 
while ajet of steam was issoing l^om it, into a vessel of water, whereby 
the steam within it was condensed, and the water was drawn with great 
rapidity throng the small orifices through which the steam escaped, by 
means of the internal vacnura. In the Marqnis of Worcester's engine, 
again, as, we believe, we have already indicated, a vscaum most have been 
fbimed by the condensation of the steam so soon as the cold water began 
to enter Ihe receiver*, though from what Cosmo de Medici telli us, we 
•hould be disposed to cocclode that the power thus generated was wasted 
in drawing the water through contracted passages, rather than in raising it 
up to anv considerable elevation. We believe, however, that both Savery 
•sd Papm re-discovered the means of producing a vacnnm by the conden- 
MtiOD of (team, or more properly perhaps saw, independently of their 
predecessors, and of each other, the feasibility of producing a convenient 
and effectual vacuum by this agency, for it is hardly conceivable that in 
the times of Meirtou, Hooke, and Boyle, the effect of the condensa- 
tion of steam in prodocine a vacuum shoiild not have been a matter of 
extended notorie^. lu this, indeed, as in most other cases, a reference to 
the current intelligence of Ihe time will show that even Ihe most noted 
pngectors advanced very little beyond it ; and many a genius, with whose 
name the world has rang, will, when measured by this standard, collapse 
to the dimensions of a pigmy. Inventions sown in one age are ripened in 
another by the progress of events, but a multimde of agencies are necessary 
to the final effect, and of these the most important is Time. Individual 
prqjeclon are merely like bubbles dancing npon the waves of that majestic 
stream : thoueh higher than the other liquid particles around them, yet 
their altitude is not to be measared (him the position of the lowest sorfKe, 
and they are not the cause of the total eialtation. 

As we have sevcrsl times mentioned the name of Papin, we must, we 
suppose, say who he was. Denys Papin, then, was bom at Blois, in France, 
and was educated to the profession of medicine. Deing a Protestant, he 
was driven fiom France by the revocation of the edict of Nantes, and 
settled in London, where he assisted Mr. Boyle in his experiments with the 
air-pnmp, and was elected a member of the Royal Society in leSO. During 
this period he invented the culinary utensil called Papin's digester, of 
which he published an account in IGSZ. In 16S7 he was appointed pro- 
fessor of mathemalics at Marburg, in Oermany, and in 1690 he proposed 
S scheme in the Acta Enulili>nm of Leipaie, for producing the vacuuin 
required in Otto Gocricke's cylinder arraagement, by the agency of steam. 
A A (^fig. 3.) is a thin metal cylinder, fitted «ith a piston B, and a piston- 
rod H with a notch in its side, into which a latch, E, hlls lo prevent the 
descent of the pistou untU the latch is withdrawn. A rope. L, is fastened 
to the piston-rod, and passes over pullies T T, precisely as in Guericke's 
contrivance, and may be employed to raise weights in the descent of the 
piston. Water is introduced nndenieath the piston ihrongh the hole 
ckxed by the screwed rod M, and a fire is applied beneath the cylinder 
bottom, which raises the water into steam, and forces the pistoa up, the 
latch fUling into the notch in the piston-rod so soon as the {riston hss 




risen anffieieDlly. The fire U new to b* 
withdrawn from Ibe cyUnder bottom, and 
in a certain time the Ream in the cylizidei 
will become eoadaUBd, when the talch ii 
to be drawn backwards, and the [nston will 
be fonjed down bj the pressure of the at- 
mosphere. It requires little penettstion to 
see that this scheme would be quite melest 
in practice ; for the cbntinoal removal* of 
the Bre, the injurious effect of fire on the 
cylinder, and the absence of any expedient 
to fiuuliiate refrigeration, are moat effectual 
barriers to its successful q>pIicBtioii. In- 
deed, the project is greatly inierior in effi- 
cacy to the plan of the Marquis of Worcee- 
ter. which wax provided with a boiler, and 
which proved itself susceptible of a practical 
nte. With Savery's engme,prqected about 
the same time, the crude prqject of Papin 
ia not to be put in comparison ; and indeed 
Papin appean to have been so ihonnghly 



adopted that of Savery. F^)in, bow- 
r, was a person irf mucA innnuQF, bat 
moat of bis scheme* were viuonar* i md 
whatever might be his other merits, he certainly contriboted nouing to 
the improvement of the steam engine, either by hi* pertbisumcM or mg- 
^estioos. He neither was the first to suggest the fbrmation of a vacntna 
m a cylinder fitted with a piston, nor the nnt to discover the method of 
producing a vacuum by the agency of steam, and he certainly was not the 
person who first carried this combination to any result of moment or utility. 
The first successful engine which operated by means of a cylinder and 
pinon was contrived by Thomas Newcomen, an ironmonger of Dartmouth, 
and John Cawley, a glaiier of the same place, about the year 1710. The 
object of the innovation appears to have been not so much lo obtain a more 
effectual and economical en^ne than that of Savery, a* to dispense with 
the necessity of employing steam of a very high elasticity where water had 
to be ruicd to a considerable height, and which, in those days, wss the 
occaaiou of consideraUc inconvemence and danger. We think it very 
probable that Newcomen was acquainted with the project of Papin at the 
time he introduced his own engine into practice, as well as his relinquish- 
ment of it in &vour of Savery's scheme, but this rather adds to Neocomen's 
merit than diminishes it, as it shows him to be no imitator of Papin, and to 
be in no wise influenced by his authority. It i* lo Newcomen, therefore, 
that we owe the cyUnder steam engine, fi>r Fapin not only never projected 
an; cylinder steam engine that was practicable, and never made one, but 
had gone back befbre Newcomen's time to Savery's scheme ; and although 
Sir Samuel Moriand, lo &r back as 1683, had contrived cyliudvn fbr 
raising water by steam power, yet we have no reason to believe that he 
pnt his plan in practice ; and the outline he has left of it in his "Principle* 
of the new Force of Fire" is too meagre to give any certain intimation of 
the nature of the contrivance, thongh the probability is that it more nearty 
resembled Ihe Marqnis of Worcester's engine than that ot Newcomen. It 
does not appear, however, that Newcomen was himself conscious of the 
advantages of his own method of coosliuction beyond that of the greater 
convenience of low pressure steam, and. indeed, his engine would hare 
remained very little better than that of Savery, at least for moderate heights, 
hot for the improvements effected by aubseqaeot kventon. Of thete im- 
provements we must now ^ve some accoimL 



Newcomen's engine, as at first constructed by him, was provided with a 
casing around the cylinder fbr holding cold water, to accelerate the con- 
denaation of the steam, and the surface of the piaton was covered with water 
to prevent the passage of air past it The steam was admitted from the 
bailer by a slide valve or regnlator, as in Savery's engine, which was moved 
by band, and after the cylinder was filled with steam, water was introduced 
into the eiterual casing, by which, in process of time, the steam was con- 
densed, and the piston then made a stroke. This, however, it is evident, 
must have been very tedious work, and the engine indeed was very un- 
tractable until the method of condensing the steam by a jet of cold water 
was introduced, and the movement of the valves was effected by the engine. 
These improvements were the effect of accident: the mode of their de- 
velopment is thus reUtedby Deaaguliers : — "In Ihe latter part of the year 
1711 Newcomen and Cawley made proposals to drain the water of a colliery 
at Grifl^ in Warwickshire, where the proprietors employed 500 horses, at 
an expense of 900/. a year ; tint their invention not meeting with the re- 
ception they expected, in March following, fbrougb the acquaintance of 
Mr. Potter of Bromsgrove, in Worcestershire, they barg^ned to draw 
water for Mr. Back of Wolverhampton ; where, after a great many labori- 
ous attempts, they did make the engine work : but not bebg eiUier phi- 
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_a thq' •ongHfin'. 

■■ nn VCM M k lOM •bout th* pmnp*, bat bong n new Biiminghuii, 
nd hningOcuritUi 
itlTli, 



ef w nunj adjiiirable aod ingenioiu workmen. 



onirkkble i m tliej mt fliM were woiUng, thej were 
I'lo fee the engine go lerenl itiokei, and Ten qniak together, 
wiMD, after ■ Mareh, they Ibimd ■ hole in the piiton, which let tba cold 
waur in to wmdeoM the itum in tlie innde of the cylinder, whereu before 
thej bad alwan done it on llu ootiide. Thev ued before to work with a 
booj to the cylinder, endoeed in a pipe, which buoy rose wbeo the iteam 
WM Mmw and opened llie iqjectioa, uid made a atroke ; thereby they were 
fajaMf ofonly giving nx, eight, or ten Mndcea in a minnte, till a boy. 



g« 19 or IS Rrokea a minnte. fint thi« being pendexed with catcbei and 
nri^t, Hr. Heory B«^ton, in an engine he bad bailt at Neweutle-npan- 
Tyae, in ITIB, totA them -all away but the beam il«eK and inppUed them 
in a mneh better manner." 

The boilen of the engine* made by Savery do not appear to baTe been 
prorided with nfMy Talvea, nor do they appear to haTe required inch an ap- 
plioatioa, a* the regnlatori were in all probability so conitructed that t^ 
p^ngai of both receiver* could not be clowd at tbe tame time. Abautthe 
yearlTlT,Dei^nliencanuracted an engine on Savery'g plan, bat with only 
o«e lewTer, and, ai the only patsage through which the steam could find 
Tcnt would Matetimea in andi an engine be closed, and might be so left by 
ai^ardcM attendant, it became necessary to apply a saJety-valTc to the 
boiler. Thia ipeciea of valve had been appli»l by Papin to his digeatei; 
anditt qipliealion to tlie iteam-engine bad bees snggested by himj bat the 

eipedientwasiaperfluonsso long as the pressure of the r' *'"' ' 

t? a eoliunn of water, which would be overcome before i 
tieity, could be sttaiued. 

In 1710 a tery elegant high prewore engine was contrived by Leupold, 
~~' ' '* '' bi* I^aolnuii Jtfacibiarxm; the planof which will at onca 
be imdentood by rd'erenee to the annexed diagram, 
where A ii the boiler, E and C the cylinders, F tbe 
waste steam prooeeding from the fuur-iniy cock. In 
this engine, the bar-way cock first ocecia, and the 
lebente altogether is marked by a refined ingenuity 
not nnwortby cf Wait and bis successors. The effect 
of the two cylinder* placed in juxtaposition is identical 
with that of tbe doubje-acting engine ; aud the machine 
i* altogether the simplest and most artistic tlut, up to 
this time, hod been prpjectcd. The employment, how- 
ever, of high pre*Rire steam conld not fail to be looked 
upon as very oljectionable M a period when boiler* 
were so rude and unsubstantial ; and we suppose it 
was owing to this otyec^on that the plan of working 
by lugh pressure Bt«am did not, until very recently, 
eomc mio practice. The domes of the boiler* employed 
by Neweomen were generally <d' lead, the inferior par- 
tiooa being conpaaed of copper; and it was not ontil many years after steam 
engine* wen applied to practical ases, that boilen composed altogether of 
boo platea rivetted together, were iatrodaced, or that the art of making 
b<»lenhadre*c]ied*(u^perfeetion,tliat alughpreasotemight be put upon 
tlwm with s^ety. 

Ftam the improvement of tbe valve gearing by Beigbton, in 17 IS, very 
Uttle alteration appears to have been made in the atmospheric engine uctU 
the lime of Smeaton. Brindley , indeed, added the cantrivance of a float in 
the Ixnler, to regulate the admuaion of the feed-water, and also proposed 
diat the bailer dionld be contlmcted of wood or stone, furnished with sn 
internal fhrnaee and internal flues : but his attention was withdrawn ttom 
tbe steam-engine to oUier subjects, and very little real improrement 
resulted from his ingenuity. In 1T6T, Smeaton was employed to construrt 
an ei^iae by the New River Company, into which he resolved to intra- 
dnee aeveral alterationiL CoaceivlDgthatagooddealof power was dissi- 
pated in the rapid reciprocation of the beam, and in giving a needless 
moowntum to the water In the pumps, he determined lo work tbe engine at 
a lea* velocity, to employ larger pomps, and to load the piston with lojlba 
upon the inch instead of 7 lbs,, as had been the usual practice. To carry 
into effect these intentions, the main centre was removed from the middle 
ofthe beam to a point nearer the end f^m which the pumps were hung, 
aad the cylinder was made tall and of small diameter, by which peculiarity 
it was coaerived the steam would be more readily condensed, and a less 
aaKnmtofinjectioD water would suffice. " 1 thought myself" saysSmealon, 
" quite aecnre under those advantages ; hot how great was m; surprise and 
o End that, instead of requiring less injection water than 
1, although tbe injeelion pump was calculated to afford as much in- 
jection water as usual, in proportion tn the area of tbe cylinder, with a anf- 
fident overplus to answer all imaginable wants, it was unable to support 
the engine with injection, and that two men were obliged to assist to raise 
tbe iigection water quicker, by hand, to keep the engine in motion ; at the 
nmctiaethatthe cylinder was so cold, I could keep my baud upon any part 




of it, andbear it for alengthof tioiain thebot-wdL BygoodllHtanc,th« 
engine performed Uie work it was qipointed to do, aa to tbe rusing of 
water, bat the ooals by no means answered my calculation. The injection 
pomp bung enlarged, the engine was in a state for dtnng boune**, and I 
tried many amaller ezperimenta, bat without any good e&ct, till I altered 
theftalcromof the beamao mneh, as reduced the load upon Ibepiitonfran 
10^ lbs. to Sj lbs. per inch. Under this load, thoogh it shortened the (tmke 
at the pump end, the engine went so much qnicker aa not only to raise 
more water, but connimeles* coals 1 took lessiqectionwater; the cylinder 
became ho^ and the injection water came out at 180° of Fabrenhat ; and 
the engbe in every respect not only did its work better, but went mora 
pleasantly. This at once convinced me that a considerable degree of con- 
densation of the steam took place in entering the cylinder, and that I bad 
lost more by this way, by the coldness of the cylinder, than 1 bad gained 
by the increase of l[»d. In short, this single alteration seemed lo have nn- 
fettered the engine ; bnt in what degree this condensation took plaee^ 
under different drcomstances of beat, and where to strike the iikedium,fo 
as upon the whole to do best, was still unknown to me. Bnt resolving, if 
possible, to make myself master of the snlyect, I immediately began to 
build a small fire engine at home, that I could easily convert into diArsnt 
shapes for ezperimenti, and which engine was set to work in the winter of 
1769." 

Thia engine was aet np at Ansthorpe, and by its assistance Smeaton 
investigated the operation of the steam-engine after tbe same practical 
ftshion that he had previously adopted in investigating the operation of 
water-wheels and wiodmilli. The diameter of its cylinder was 9-9 inches, 
length of strokes feet, nmnber of strokes perminntel?^, and the load upon 
the pIsloQ 7'S9 lb*, per square inch. This is not quite one-horse power, for 
(9-9)'— 77 tqnare inches k T '89 ^607 lb*, and xby 53*5, the effective motitm 
per minute 'a 31,867 lbs. raised one fbot high per minute, or.^by 33,000-i 
'966 HP. The consnmption of coals per hour was 5S lbs. ^ a bnshel, there- 
fore, or 84 Iba. would suffice for 916 minates, which is equivalent to 3*93 
millioiis of pounds r^sed one foot high by a buihel of coals. The quantity 
of injection water required was found by measurement to be 95 cubic 
inches per stroke, and the quantity of water evaporated from tbe boiler 
was about 8'9 cubic inebe* per stroke, so that the quantity of water re- 
quired for iigection was 10*66 times greater than ibat requisite for the 
supply of the boiler, though this proportion woold, of course, vary some- 
what with the temperature of the atmosphere. This engine must have 
lost about half of its efficacy by condensation in the cylinder, for S-9 cubic 
inches of water will make S9 cubic feet of steam to be consumed per stroke, 
which is about double tba capacity of the cylinder and its waste spaces. 
A good deal of the heat thus lost, however, appears to be due to radiation 
firom the surfitce of tbe cylinder, for not above two thirds of die whole heat 
is to be found in the hot well, the tempeialnre of which was only 134° when 
the temperature of the injection water was 68° or 70°. The load on the 
piston was varied in the eipeiiments by taking away or adding a length 
of pipe to the superior part of the pomp barrel, and it was found that the 
load of 7'81 lbs. per square inch on the piston was the most beneficial one, 
both as regarda the quantity of work done and tbe consumption of ftieL 
When the load was diminished to 6 "6 lbs. the efficacy, or, in other words, 
the doty of tbe engine, estimated at 100, was reduced to 94, and, by di- 
minishing the load to 5'5 lbs. the efficiency was reduced as low as 89, while 
by increasing the load ftvm 7*81 10 8*8 lbs. tbe work done was only increased 
from 100 to 107, although the consumption of fuel proceeded in a much 
higher ratio, and by a further increase of the load to 9-1 ll>s. the efficiency 
was reduced fhim 100 to 96, though at an increased expenditure of fiieL 
In diminishing the load below T'Sl lbs. to 6'6 lbs, the efficacy of a pound of 
coal was reduced from 100 to 94, and the further diminution to S'5 lbs. 
reduced the efficacy of a pound of coal from 94 to 80, while tbe increments 
in the load reduced the efficacy ofthe fiiel from 100 to 97 in the first case, 
and from 97 to 93 in the second. The relative efficacy of different kind* 
of coal was also tested in these experiments. Bubbly coal was tbnnd ea- 
perior to sUck in tbe proportion of 100 to 80. Coke was of about the same 
efficacy as slock, and 100 lbs. of coal were found to produce about 66 lbs. 
of coke. The Newcastle coal called Team Top was found more effectual 
than the Hal Ion or common Yorkshire coal la the proportion of ]30 to 100, 
and Cannel coal more effectual than Hailon in the proportion of 133 lo 100, 
Smeaton continued his experiments with this engine for four years, and 
recorded the results in a book of tables which he employed to regulate hia 
future practice. In 1772 he was employed to construct an engine for 
Long Benton colliery near Newcastle, in which he embodied the several 
improvements his experiments hod suggested. In all its main features thia 
engine was Identical with the previous constructions of Beighton, bnt it 
was distinguished by juster proportions and greater nicety of detail than 
liad yet been realised, and the innovatioos thus introduced were found to 
be highly beneflcial in practice. The engine at Long Benton Mr. Smeaton 
looked upon as his standard work, but his most magnificent performance 
in this way was the Chase Water engine erected in 1775 at one of the mine* 
of Cornwall. Of these engines we must contrive togiveabrief description. 
The diameter of cylinder in the Ixmg Benton engine was 52 inches; 
length of stroke 7 feet ; load on the plslon 7 j lbs. per square inch ; number 
of strokes per minute 12 ;andS23 •■7854 k 7^ x 84 .7-.^-1,000-= about 40| horse- 
power. The consumption of fuel was 8J bushels of Newcastle coals per hoar 
which at 64 lbs. per bushel i£ 17*63 iba. perborse-powerperhour, or9'4Smil 



Preliminaiy Discount. — Long Beutok and Chase WaUr Engines. 



lioiuof poaiid(,niiedonefoothiKlili;>b[uhe]i}fcoaL The evtpontioii of 
wUer bj the boilen wu 90 cubic feet per honr, by SJ bn■be1^ = lO'ISS cobio 
feet, erspontted by & biuhel or 81 Ibc, or 7 "88 lbs. evaporated by eich pound 
of eoal. If the ateam irithm the boiler be contidered to be 1 700 time! len 
dense llun waier, which would be aetr the truth, then 3950 cubic feet of 
Ite&m would be generated per minute ; but of thil not w much as one-half 
could be ipent in pradncing a naeftU effect, fbr the spice within the cylinder 
oecapied by the motion of the piMon would only be 103-39 cubic feet x 13 
"1339 cubic fbet per minole, which il not half of the steam generated. 
The rendne, therefore, muat have been lost by leakage and condensation, 
and by the space left between the [oiton and the bottom of the cylinder. 
This space would cause a lou of about 360 cubic feet per minute, leanug a 
loss of above 990 Cubic feet per minute, to be accounted for by leakage and 
condensation, or indeed by condensation aloue, s* the leakage was inappre- 
ciable. The internal anrfkce was 168 square feet, so tbi^ each foot of 
cylinder sur&ce muit b«.ve condeused about S'6E cubic feet of (team per 
minute. There were three boilers, and they were so proportioned as to 
afford 3'9 square feet of furnace surface, 7'83 of fine lur&ce, and -867 feet 
of Gre-grate per horae-power. 

The structure Cind i rrangement of the Ch««e Water engine were almoet 
identical with those of the engine at Long Benton : il was, however, of 
greatly saperior power. The cylinder of the Chase Water engine was 73 
inches iu diameter -, length of stroke 9 feet ; number of strokes pet minnte 
9 — 81 feet of effective motion, and load upon the piston 7] lbs. This gives 
a power of about 761 horses for 73*M-78J't xei x7i•^S3,0OO'^76l HP. 
The conflguration of these engines will be seen at once by a reference to 
the Ibllowuig wood-CDt, where A B is the cylinder, C the piston made of 
iron and covered on the bottom wtlh elm planking, secured with scrcw- 
boltf to the piston. Between this planking vid the iron of the pistoo, 
tarred flannel is interposed to retard the transmission of hea^ and thereby 




n within the cylinder leas serious. D is the great 
lever, 37 feet 4 iucbes long, consisting of twenty pieces of Gr, the four 
nearest the middle being 1! inches square, and the other sixteen being 6 
inches by 13 inches. These pieces of timber are prevented feom rubbing 
upon one another by means of oak keys, driven into mortices prepared 
for their reception, uid are bolted together by 33 long iron bolts. I inch in 
diameter, passing through the whole depth of the lever, llie axis of the 
lever, where it passes through the wood, is 30 inches wide by 5 inches thick. 
The bearings sre 8^ inches in diameter, resting in brass bushes, let into 
Mocks of wood built mto the lever wall. Breadth between bearings 3^ feel ; 
bresdtb of beam 3 feci ; depth of beam at centre 74 inches ; depth at ei- 
tremitlea 60 inches. E is the lever wall ; F F (he beams which support 
the cyliuder, or rather which keep it down, and wbich are retained in their 
places by the walls of the house; G is the boiler.'H the fuinsce, I tbe 
iteam [ape, J the iiijection ]npe, terminating in a wooden jet piece jammed 



between the steam pipe and the side of tbM cylinder, the nie of irood in 
this situation being to diminish the condensation br a non-conducting snb- 
•tance. K is the dslem fbr holding the injection water, and which ii 
placed in an elevated utuation to cause the more perfect dispersion of tha 
injection water by the force with which it entera the cylinder, L is a 
pump for nusbg tbe injection water into the cistern. M is the ednction 
pipe, terminating in the hot veil, and fitted with a valve at iti inferior 
extremity, to prevent the regurgitadon of the water. N pimip rod of tha 
pomp of the mine ; O a band or strap extending to the cataract ; P P the 
f>lug rod, by which the valve gearing is wron^L The steam pipe is 13 
inches in diameter, the eduction pipe B inches ; and the two shoit necks for 
the iqjeetiou cock and snifling valve 6 in^es dismeter. Thew are all cast 
in the same piece with the hemispherical bottom. The snifling valve 
consists of a short plug of boxwood driven tight into its seat, fitted with k 
circular flap valve applied to tbe end of the plug ; over this a conical pipe 
is fixed with a cock at it* extremity, so u to regulate the amoont of the 
so Ifl at pleasure. ** The upright feed pipe, Q,"says Smeaton, " is designed to 
answer the double purpose <^ a lower gauge cock and a safety pipe. Two 
or three small holes are to be pierced throngh it at the proper depth fer a 
lower gauge cock, that is, at the lowest level which is proper fbr the water 
in the boiler, and three inches below these holes the pipe is to be pierced 
with a hole half an inch in diameter, and agaiu at three inches lower the 
pipe must termiosle altogether. By this means, if the water in the boiler 
sinks too low, the small holes in the feeding pipe will emit steam and give 
notice by a rattling noise ; but if the water is suffered to subaide stiil lower, 
the steam will blow out by the half inch hole, and the noise will produce a 
greater alarm ; and when the water sinks (o low u to be at intervals tulow 
the botlom of the pipe, the water and steam will issue in snch a manner as 
to make a very great noise, and call the engine-man to his duty even if he 
have fkllen asleep." 

Such then are the principtd details of this celebrated engine ; andwemnst 
now proceed to explain in a few wordi the manner in which the atmos- 
pheric engine operates. When the engine is at rest, the end of the lever 
from which the pump it hung will always preponderate, that end being 
purposely made heavier than the other, to overcome the friction and 
inertia of the lever, as it cannot be elevated by the foree of the steam. The 
first step in starting tbe engine is to open the regulator or slide valve which 
interpwws between the boiler and cylinder. The cylinder will of course 
immediately become charged with steam, but the steam will at first be very 



rapidly condensed by the cold metal, and will continue 
the cylinder has become nearly as hot as the steam itself. As soon as this 
takes place, the steam will open the sniftiog valve, and drive out the air 
with which the cylinder had been flUed, and tbe sign of the thorough ex- 
pulsion of the air is that tbe steam will then isane in a transparent, and not 
in a cloudy state. While the ateam is thus issuing from the snifling valve 
the injection valve uCuated in tbe injection cislem al the lop iif the engine- 
bouse must be drawn open by the cord attached to it, and the handle 
which bad been depressed to open the regnlator must be raised. This will 
cloae the connection between the boiler and the cylinder, and will at the 
tame time open the injection cock, and an instant vacuum being produced 
by the jet of cold water, the engine will make a stroke. The plug-rod in 
its descent strikes with a prqjection or tappet the handle which had jutt 
been raised, which shuts ^e injection cock and opens the regulator, and as 
the pretisure of the steam is about equal to the pieiture of the atmosphere, 
tbe piston ascends, being drawn up by tbe preponderance of weight at the 
other end of tbe lever. The plug-rod in its ascent, when near the end of 
tbe stroke, strikes the handle upwards by means of another peg or tappet, by 
which tbe steam passage is again closed, and tbe injection passage opened. 
The piston thus makes another stroke, and the same action is conlinned to 
long as the engine ia kept supplied with ateam and cold water. The hot 
water produced by the condensation of the ateam flows out of the cylinder 
by the eduction pipe into tbe hot well, whence a part of it flows into tbe 
bailer to restore the quantity evaporated, and the remainder mns to waste. 
A small branch leading &om the injection pipe distributea water over the 
nppersurface ofthepistonto prevent the leakajje of air, and any air that may 
find udmiaaion either in the steam or otherwise, and which, if suffered to 
accumulate in the cylinder, would destroy tbe action of the engine, is driven 
oat every stroke by the snifting valve. A certain leakage of air. however 
is beneficial, as it diminiabes greatiy the condensation of the steam ; for tbo 
air, being diffused equably among the steam, will accumulate sgaiusl tha 
sides of the cylinder aa against a sieve, which is pervious to bent but not to 
air; and this film of air will prevent the access of the steam to tbe naked 
iron to suffer a destructive refrigeration. After a better quality of work- 
manship had been introduced by Smeaton, it was found Uiat the engines 
were actually too light; and an air-cock was therefore appended to give a 
regular admission to such a quantity of air as might be found beneficial. 

Before Smeaton commenced hit improvements in the steam engine, be 
ascertained with much care the performance of a number of tbe engines 
then in eiialence; and of IS engioes at Newcastle he found that the beat 
raised about '{ millions of pounds oue foot bigb with a bushel of coals, and 
the worst only 3) millions. Tbe engine be afterwards erected at Long 
Itenton, and in which hia improvements were ftilly carried out, raised, as 
we believe *e have already etated. about 9^ millionth so that there was 
much lens difference between the performance of the best of the common 
engines and Smcaton's engines than between the common engines then- 



Pretiminary Discouru. — 

■drat. The improTemento iiitTodac«d \rj Smeaton chiefly T«*olve them- 
•elre* ioUi greater rare in the constrnctiou of the engine), uid k tietter pro- 
ponion and urugement of the boiler, ud involve neither the sppliratioD 
of u; new principle nor onj great expenditure of ingenuity. Before 
SmeUOD*! tine the muiu&ctare of en^Qm «u in (he hsnda of ver; igno- 
nnt mcchaniei who did not know the difference between power and force ; 
■Dd tbdr perpetiul upiraiion wu to make the piston exert ■ grrat force, 
withont taking into scconnt the velocity of moTement neceuAry to make it 
OMimU effectively. It wsi very .rarely the caw thai the engine wu 
adcqnatelT lupplied with «teim : and when an engine was foDnd incom- 
peteol lo iti work in conaeqaence of thia iikadeqnacy, it waa generally pro- 
Tided with a larger cylinder, which only aggimvated the enL Then the 
eylindera were very ill bored ; and the eondenxilion from the wUer lying 
on lop <tf the piaton, aa well aa from the water eicuritig past it, waa very 
Muideiable ; wliiie, ai the aam^ time, the piflon rarely traveUed a ntffieient 
diMance in the cylinder, and a great deal of steam waa lo«t every itroke by 
fiUnK a naddi vaeoity. The boilers, beiidea being too small, were gener- 
ally radly act. the bottom being too far fhim the Sre ; and die firing wu 
hadly conducted, the coals being piled in a heap in the middle of the grate 
inatBad of being spread evenly over iL The injection cistern waa genially 
•et too low, by which meani the water waa not adequately dispersed within 
the cylinder-, and the valve gearing waa for the most part so conKnicted 
that the Mgtilator did not open (ally, by which means the steam waa 
thnittled, and a heavy counterweight was necessary to suck the sleom into 
die cylinder, which of course had afterwards to be raised at an expenditure 
empower. These &ulnSmeaton corrected: his plan of aheathing the under 
fide of the piston with wood prevented mnch of the condenBalion by the 
water lying on top of it ; and the use of more perfectly bored cylinders, 
vhicb Uie establishment of the Carron iron works abont this time enabled 
him 10 obtain, obviated the condensation from water trickling down the 
cylinder sides. The bollen he introdnced irera very effectual and satis- 
ftctiwy. The uuiexed diagram represenu one of his &vouiita varieties of 




conitrncdon, called the haystack braler, and it formed of cast iron. Three 
of theae boilers, 10 feet Id diameter and 16 feet 4 inches high, were cmi- 
stncted to snpply an engine with a 6fi inch cylinder and 8J (tet stroke, 
designed by Smeaton for pumping ont the docks at Cronstadt in Russia. A 
is tM ashpit ; B the ^rnace ; C C the hemispherical top of the boUer ; c c a 
cylinder Joined with flanges and screws to the top to give more aCeam room. 
i 6 and dil conical pieces joined to the cylindrical piece, and which, with 
' the bottom, ewnplete the boiler; D D are the fluea. Where the water used 
tar iojectMm was of such a quality as would injure the boiler, aa waa the 
CMe with some kinda of water raised from mines, and there waa no abun- 
daM simply (/ better water at hand, it was Smeaton'a practice to collect a 
t Mnn c j ft good water, to suffice for the feeding of the boiler, either by 
n nin ciMn or otherwise ; and he warmed thia water, before sending it 
fallo tbe boiler, by transmitting it through a wonn or ciatem situated in the 
hA welL 'Die movement of the engine, when the qnantily i£ work to be 
done waa irr^alar, waa commonly regolated by a coolnvaoca called tbe 



Varwtiet <f Earfy Boiteri. 9 

^ Mtnrset, or, as it was termed by tbe minKT^ 

,^ >2 the Jack-io-the-box. Tbis apparatus consista 

'Y merely of a small cock, z, through which a 

-J drip of water is suffered to pass into ths 
'^ venel, Y, situated within the box Z, and ao 
poised upon a centre, in connection with tlie 
lever, U, that U will preponderate when Y 
is empty, but not when it is fblL When 
Y become* full, it will tilt over in the direc- 
tion indiraled by the dotted lines, railing 
the catch 18 by the chain 22, and by this act 
will empty itself of tbe water, and resume it* 
original position. The water Sows away 
ont of the box, Z, which la lined with lead, 
alter having performed it* function in raising 
the catch ; and the Catch, wheu raised, re- 
leases a weight, which opens the it^jection 
valve, and the engine makes a atroke. The 
number of reciprocations, therefore, of tbe 
cataract determines the nomber of atrokea 
jy^ made t>y the engine, so that the speed of the 
1^' engine is thus regidatcd by the degree of 
opening given to the cock, z, and which ia 
determiDed by the quantity of water to be 
not a contrivance of Smcaton's, but waa used in 
the Cornish engines before his time. A much belter variety than that 
here figured ia now employed, which will be described in its proper place. 
The great expense <^ coals in Cornwall had the effect of canaing a great 
variety of boilers to be tried there at a very early period of the history of 
steam improvement. Among other kinds, boilers built of moorstoue and 
traversed by internal flues were constructed -, bat they do not appear to 
have been very auccessftil, the Guilt probably being that the amount of flue 
tiir&ce waa insufficienL The best boiler of this epoch that has fallen under 
onr observation is that set np at the York Buildings' waterworks, in 
London, about the middle of the last century, and of wtucb we here give a 








sketch. Aistheaahpit; B the foroace ; C C the braler shell ; etheateam- 

inpe ; a 6 J e tbe fine winding spirally and entering the chimney at/. 

But ire have lingered too long among these antiqaitie*, and have, we 
fear, tried the patience of onr readen by dwelling upon contrivance* aboot 
which nobody in these days of superior proficiency carea mnch. We sus- 
pect, too, that by saying so mnch abotit Smeaton we have, in some degree, 
damaged the keeping of our delineation ; for an illegitimate extension ra an 
otject exaggerates its importance quite aa eSectually as too gandy a colour- 
ing ) and we really feel that Smeaton did nothing for the aleam engine 
beyond what ordinary information and ordinary good sense might reason* 
aUy be expected to effect. The circumstance, however, that the atmo- 
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JFWtminary Diteoune. — Improvenunta of Watt, 



■pberio engine U not eveii f ct > diieirded uutrament, but ii idll med in 
•itnatunu vbere coal li ineipenaive, reconciles ui in some measure to our 

Eroliiiiy ; »nd we bara been deairoiu, moreorer, tbat oar reader* thould 
ave a just conception of tbe conditioD of tbe neam engine before the 
advent of Watt, iu order that the; might the more truly appreeiata the 
meriu of that might; magician. 



The tteam engine, u it left the hand of Smeaton, wai a mere pump 
impelled by the force of fire ; and eren in the perfocmance of its wJilary 
fnncliou of railing water, it could only be beneficially employed in gitoationa 
where the coat of eoal wai ioconsiderable. The trauBlbrmatioa of this rude 
implement into the modem ateam engine waa the work of Watt ; and cer- 
tainly hiatory can fumiah no other eKomple of bo magnificent an improve" 
tnent having been achieved by a lingle individual. In other rasea 
amelioration has apning out of u rich accumulation of eKpjriencc, or out 
of the new facta presented to art by (he prcgreaa oC acicnce : but Watt'a 
improvements were the progeny of hia own fertile imagination, and were 
brought to the perfectioa in which we now behold them by hia own aaga- 

city and perseverance We cannot, however, trust ourselves to say any 

thing upon a theme so attractive as Watt'a genius at the present at^ of 
our progress, as we fear we should nfterwsnia be unable to speak of any 
thing ehc! and we have yet to relate the most remarkable steps in the 
hittm7 of his marvellous ercaliona. 

In 1*63 Watt was a maker of philoaophical inatruments at Glasgow ; 
and in that year Professor Anderson, who then filled the chair of natural 
philoBophy. and who is kaowo as the founder of the Auderaonian Institu- 
tion, from which the Mechanics' Institutions loolt tiieir origin, seat Walt a 
model of a Neweomen engin> to put into working order. The cylinder of 
this model waa two inches in diameter, and the length of the stroke six 
inches, and the boiler was considerably larger in proportion than the boilers 
of red engines: but Watt found that the boiler did not supply the enginea 
with ateam enough ; and, in order to enable the engine to worli at nil, be 
had 10 reduce the l<»d on the piston by lowering the column of water in 
the pumps. There were (mly two poaaible aolutions of thia anomaly : the 
one, tliat the boiler was a bod one ; and tbe other, that a small cylinder 
consumed more steam in proportion than a large cylinder on account of 
the loss by condensation due to an increased cooling surfkce ; and the latter 
of these explanations was found to be the true one. Tbe loss, however, 
from condensation was obviooaly attributable to two cansea : tbe one, the 
radiation of heat from the cylinder ; and the other, the refrigemtion the 
cylinder anffered from the influent injection water. To determine the 
relative importance of these cansea Watt made a small engine with a wooden 
OTlioder, by which tbe refrigenuion due to tbe transmission of heat 
tnrongh the cylinder would be prevented; bnl this apecies of cylinder 
appeared to be very little more beneficial in any way than the common 
kind, while, in some respects, it was of course greatly inferior. The 
greatest loss, therefore, appeared to be due to the healing and cooling of 
Uie cylinder i and to determine its precise amount Watt made a number of 
experiments to ascertain the relnUve bulks of the same weight of water and 
■team, and he found that the cylinder of hia small engine consumed at 
every atroke three or four times the quantity of steam that would suffice to 
fill it. A great economy of fuel, therefore, it was obvious would be effected 
if the healing and cooUng of the cylinder coidd be averted ; and (his waa 
only to be done by accomplishing tbe condensation of the ateam in a sepa- 
rate vessel, which might always be kept cold while the cylinder was always 
kept aa hot as possible. A difiiculty, however, presented itself in tbe accu- 
mulation within this veaael of the water by which tbe condensation 
of the steam bad been effected, and which could not be driven out 
every stroke by snifling, as in the enisling engine, without sacrificing 
all the gain the separate vessel conferred ; but the water, it was clear, would 
nm off of its own accord if led down a distance of about thirty feet, 
as that column of waler would proponderatc over the pressure of the 
atmosphere. Tbe air, however, which had entered either by leakage or 
with the steam, could not be thus disposed of. but it might be removed by a 
pump wrought by the great lever, and that pump by dipping to the bottom 
of the condenser might also bemadetoextractthe water, and thns supersede 
the necessity of running it off by the method first suggested. These views 
appear to have become developed in Wall's mind about the year 1TG5, he 
being at that lime in the twenty-ninth year of his age, and his next step waa 
to teat their soundness by experiment For this purpose be constructed a 
small engine, fitted with hia various improvements, and its perfonntmce 
not merely confirmed, but greatly exceeded his anticipations. The next, 
however, and not the least difficulty, waa to get the improved engine brought 
into operation, and three yeara appear to have elapsed before any service- 
able step was taken in that direction. During this time Watt gsve up hi« 
business as • mathematical inslrumi'nt maker, aod became a civil engineer, 
m which new capacity he happened to be employed by Dr. Roebuck, by 
whom tbe Carron iron works had been established, and he, on learning (he 
nature of Wall's imprnvemenls on the steam-engine, agtreed to join him in 
procuring a patent and estahlishiiiK a manufactory of the iraprovi'denginea, 
on the condition of being allowed two-thirds of the profits. To these terms 



Watt willingly agreed, and in 17S9 he took ont ■ patent for his iiiiproT»> 

ments, the specification of which is as fbllowa. 

" M; method of lessening the consumption of steam, and consequentlj 
foel, in Gre-enpnes, connits of the following principles : — 

" Fint, That vessel in which the powers of steam an to be employed to 
work the engine, which is called the cylinder in common fire-engines^ and 
which I call the steam-vessel, must, daring the whole time the engine ii at 
work, be kept as hot as the Meam that enters iti first, by enclosing it in a 
case of wood, or any other materials that transmit heal slowly ; secondly, 
by surrounding it with steam or other heated bodies j and thirdly, by suf- 
fering neither water or any other aubstonce colder than the steam, to enter 
or touch it during that time. 

"Secondly, In engines that are to be worked wholly or partially by 
condenaalion of steam, the steam is to be condensed in vessels diatinet from 
tbe steam-vessels or cylinders, although occasionally communicating with 
tbem \ these vessela 1 call condensers ; and, whilst the engines are work- 
ing, these condenseis noght at least to be kept aa cold as tbe air in the neigh- 
bourhood of the engines, by application of water, or other cold bodies. 

" Thirdly, Whatever air or other elastic vapour ia not condensed by the 
cold of the condenser, and may impede the working of the engine, is to be 
drawn ont of the steam vessels or condensers by means of pnmpt, wrongbt 
by the engines themselves, or otherwise. 

" Fourthly, I intend, in many cases, to employ the expansive fiirce of 
steam to press on the pistons, or whatever may be used instead of them, in 
the same manner as iht pressure of the atmosphere is now employed io 
common fire-engines. In cases where cold water cannot be had in plenty, 
tbe engines may be wrongbt by this force of steam only, by discharging 
the steam into the open air after it has done its office. 

" Lastly, Instead of nsin^ water to render the piston or other paria of 
the engines air and steam tight, I employ oils, wax, resinous bodies, ttX, of 
animals, quicksilver, and other metals, in their fluid slate. 

" And the said James Watt, b^ a memorandum added to the laid speei- 
flca^n, declared, that he did not intend that any thing in tbe fourth article 
should be underatood to extend to any engine where Uie water to be tsised 
enters tbe steam-vesse! itself, or any vessel having an open conmiuuicatioa 
with it" 

About the time he obtained hia patent. Watt commenced the construction of 
his first real engine, the cylinder of which was 1 B inches in diameter, and alter 
many impediments in the details of the work, he succeeded in bringing it to 
considerable perfection. The bad boringof the cylinder, and the difficulty of 
obtaining a substance (ba would keep the piston tight wilboul enormous 
friction, and at (he aame time resist tbe action of the ateam, gave him most 
trouble, and the employment of a piston-rod moving through a stuffing- 
box was a new feature in steam-engines at that ^me, and required great 
nicety uf workmanship to make it effeetuaL While Watt was contending 
with tbeae difficulties, Roebnek's flnances became disarranged, and in 1773 
be disposed of his interest in the patent to Mr. Boulton, of Soho, near 
Birmingham, whose metal nunuikctory was already the most celebrated in 
England. As, however, a coikuderable part of the term of fourteen years, 
for which the patent was granted, had already passed away, and as several 
years more would probably elapse before the improved engines could be 
brought into operation, it waijndged expedient to apply to Parliament fbr 
a prolongation of the term, and an act waa passed in 17T5, granting an ex- 
tennon ^ 23 yean from that date, in consideration of the great merit of 




Preliminary Diicoune, — Improvemenlt of JfitO. 



11 



, . » then concladed between Bonlton and 

Wttt,attd m part of Soho norlu wu handed orer to Wntt fbr the msnn- 
ftetme of hu engioei. He noT mode rapid ptogreu, and by 1778 had 
erected eereral excellent enrinea in the netj^hbooring conntiei, and one at 
B t r itfaf d near London. In Uiese earl; enginei he appears to have employed 
the method of condenuog b^ external cold, and he perHBted in the ni« of 
that (pedet of condenier nntil the expeiue of il< conilmctinD and the incoD- 
Tcnienee of it* balk in the laiser clau of engines more than balanced the 
exptnditDre of power re'^niute to extract the injection water from a 
Taeanm. The preceding diagram ahews the manner in which Watt's im- 
prorementi at this period of their history were applied to tbe ordinary 
pomping enginea of the lime, tbe sabitilutioa being restricted to the 
cjlinder and it( appendagea, and the great lerer, chains, pnmpt, and other 
|iana remuning onaltered. E, E iithecjlinder lurroundedbj a gteiun caae, 
nuo which the iteam is delivered hy tbe eteam-pipe a; J is the piston, 
loaded with • preainTe of between 10 and 11 lbs. on the sqnare inch, instead 
of T| as fortnerly, in consequence of the superior yacnnm. n the piMon-rod 
pMong through a abort tube affixed to the cylinder-coier, called the 
Mottng-bax, and now cast in the same piece with the cover ; /, f, the 
CTUnder port ; i, the steam valve ; i, the eduction valve ; g, g, tbe educ- 
tion jdpe ; F, the condenser, consisting of a nnmber of copper cylinders 
of small diameter, arranged vertically ia tbe cold water cisiem G, G ; 
H, the pnmp, by which the coadeosed steam is extracted from the con- 
dataer, and returned to the boiler i I, the plug-beam, in which are in* 
aerted two pings, or tappeto, which strike at the proper times tbe handles 
D and r, and thereby give the requisite movement to the steam and eduction 
valves, by the rods 4 and G, with which those rods commnuicste ; 16 is a 
weight which serves the same end as tbe tumbling bob in (he old engines, 
in ctHifinning the inclination given to the valve gear b; tbe tappet In 
the engine as thus constructed, the steam-casing ia obviously an integral part 
of the niMhine ; but ihisplan was fonnd to be attended with some incon. 
leniences, anii in 1778 'Watt contrived a way of removing this objection 
bj tbe af^cstion of an apper port to the cjlinder as shown in _fig. ]o. 
where E and J are the cylinder and piston oi before ; a, the steam-pipe ; 
h, the regulating or throttling valve ; c, the npper port ;/, the onder port ; 




d, the prolongation of the st 



n pipe to the lower port ; t, the eqailibrlom 



„ le condenser. 
tliii flgnre the piston is supposed to be in (he act of ascending by virtue of 
dw prepondennee of the pnmp end of tbe beam, and the steam is leaving 
the space above the juiton to occupy the space beneath it When the pis- 
ton DM arrived at the top of the cylinder the equilibrium valve t it abut, 
and the eduction valve i is opened ; tbe steam then rushes fVom beneath the 
pimn to the condenser, but as the superior portion of the piston is still 
frewtd on by the Meam, the piston descends with a force corresponding to 
the difiennee of pressure above and beneath it In this kind of engine 



there is always steam above the piston and Iteam and Tacnnm altematelr 
beneath; but aboat 17S0 it occurred to Watt, that tbe condenaation 
might be made more perftet, and that a better result wonld therefore be 
reaused if these conditions were reversed and a perpetual vacuimi main- 
tained beneath tbe piston, while an alternate steam presaare and vocanm 
was produced above iL In the one case the piston would ascend with steam 
of the same pressure on both udes, and in the other case with a vacnnm 
of die same intensitjr ; but in the one case the working stroke would be pro- 
dnced by the admisiioQ of steam above the piston, and in the other ease by 
- ■ - - ' "• ■■ "".- arraogements adopted 




tion a single valve performs the functions of both ; c the npper and 
/the under port; d,j,g, the eduction pipe by which the steam passes fVon 
above the piston daring every retarning stroke to the condenser, a perpetual 
exhaustion being mainUuned beneath it There was no advantage fbnnd 
to arise In practice from thia ingenious transformation, but rather the 
reverse ; for, although a longer time was thus obtained for (he accomplish- 
ment of the condensation, yet tbe process of condensation is so rapid (hat 
this additional time was found to be of very little advantage ; and whatever 
advantage was thus realised was to some extect only transferred iVom the 
working to tbe reluming stroke, a heavier counterweight being necessary 
to redress any difference in the vacuum above and beneath the piston which 
might arise from a want of rapidity in tbe condensation. There was also 
a greater leakage of air at the stnffing-boi and around the cylinder cover 
in this species of engine ; and tbe rare steam or vapour, remaining in the 
cylinder after the act of exhaustion, bad its elasticity increased by (he heat 
transmitted from the steam Jacket, thereby opposing more resistance to the 
piston, and robbing the effective steam of a portion of its heat. These 
disadvantages, taken singly, are all trivial enough, and indeed the sum of 
them is of no very serions import i yet, upon the whole, this species of 
engine appears to be somewhat inferior to engines of the ordinary kind, 
and it never, therefore, met with an extensive adoption. Bonlton and Watt 
at (his time charged their profits in proportion to tbe saving of fuel their 
engines effected, one third part of which was to be payable to them annu- 
ally during tbe term of their patent, or the payment might be redeemed at 
a ten years' purchase. Their proposal was to raise 500,000 cubic feet of 
water one foot high by the consumpUon of 1 IS lbs. of Wednesbnry coals, 
which is equivalent to about S3( nuUions of pounds raised one foot high bj 
a bushel or 84 lbs. Iheir early engines, however, scarcely accomplished 
this I for two of them experimented on by Smealon only lifted 1 B and 
18^ millions of pounds one foot high with a bushel ; but these were small 
engines. Tbe larger engines appear to have realised a performance of 
about 20 milliona ; so that the foUowing rale, laid down by Mr. Bonlton in 
177S, pretty nearly eipre»«es the performance of the larger enginei con- 
structed by Boulton and Watt at that time. Cumpult the area o/lAe space 
dcKribtd bff tiie pittoH per tlnkt in cti£ic fat, and mulliplg Ait bg (4* lead 
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upon mch tqmtrt imh of tht pUton in poimdr; the pndtict w>Q be On vtight 
qfeoait in pouiult reqiiired to icark the engine IBOO itroket, Thii ii eqoiva- 
Leot to about 21) miUioiu raised one fbot high by * bushel of coal 

The next LmproTement of Watt'a tbat ve have to mention, i» bit plan of 
working ttMun eipuiively. This method coniiita in arreBiing the no* of 
tteam into the cflinder at a eertain part of the ilroke, leaving the remunder 
of the *trake to be iccompliihed bj the effort of the iteam shut within the 
cjlinder to occapy a larger volnme. The power of the engine ii of conne 
dunioished by thii proeedan ; for the piaton will deicend with leu forc« 
wh«n urged merely by the diminishing effort of the expanding Meam, than 
if prened upon by ileam ofthe foil preMure entering to the end of the stroke 
from the boiler. But sleiun, or, in other words, fuel, is saved in a greater 
proportion than the power of the engine is diminished ; So that the expan- 
sive principle augments, and very materially, too. the motive efficacy of 
the fuel. lu tact, whatever power is obtaiued from the steam during the 
act of expanding is obtained without any expense ; for if the steam valve 
ctf the cylinder be closed when half the stroke of the piston is p«fanned, 
there will ouly be half the steam expended ; hut the steam shut within the 
cylinder will press with a varying force on the piston op to the end of the 
■troke, and the power thus realised is evidently got witbont any expend- 
iture. We think it very probable that this improvement originated in the 
desire merely to moderate the force of the single acting engine towards the 
end of the alroke ; and, indeed. Professor Hobiion, who, from bis intimacy 
Tith Watt, was probably well acquainted with the circumstances of the 
discovery, virtually says (hat such was the case. Id Newcomen's engine 
the rnomentum of the piston could easily be lessened by shutting the injec- 
tion cock earlier or by opening it less, ud dangeroos shocks might thus be 
averted ; but, in engines provided with a condenser, the impulse of the 
piston would be best cheeked by shutting the steam valve at such a period 
of the Etroke as would prevent the catch-pins from striking. The real- 
isation of an increased power, theretbre, tnno a given qnantit]' of steam by 
this expedient, was an unexpected result ; bnt Watt immediately saw the 
importance of the principle, which in a letter from Glasgow in IT69 lo 
Dr. Small, of Birmingham, be describes as capable of doubling the effect 
of the steam. The distractions, however, incidental to his other pursuits 
appear to have prevented him from carrying the principle of expansion into 
practice nntil 177G, when it was tried upon the engine at Soho, and in 
1778 il was applied to an engine for raising water, erected at ShadwelL In 
1782 Watt took out ft patent for improvements in the steam engine, in 
which the principle of expansion formed a prominent feature, having been, 
probably, instigated to tiut act by a patent taken oat by Homblower in 
1781 for a method of using the steam in an engine twice over', first 
impelling a small piston by the method of high pressure, propounded bj 
Leupold. ftnd then catching the steam thus used, and nixing it instru- 
uental in giving motion to a Isreer piston by the method of condensation. 
This scheme is identical in prmciple with the plan of using the steam 
oipansivelj, for it is obvious tfiat the same power will be g^ven out by a 
cylinder, whether It be tall and narrow, or short and wide, provided its 
capadty remains unaltered ; and if we suppose Homblower's high pressure 
cylinder to be shortened and widened, and set upon the top of his con- 
densing cylinder, we shall then have ■ single cylinder operatjcg on the 
plan c? expansion, while the power is obviously the same as before this 
transformation. — The subject of expansion, however, Is so important, and 
IX the same time so mysterious to (yros in steam science, that it would be 
unpardonable to pass it over witbont offering such further familiar eluci- 
dations as may make the principle intelligible lo unskilful persona, and ve 
believe these explanations may be introduced here with greater propriety 
than at a more advanced stage of onr progress. 

It is a well-known law of pneumatics that the presrare of elastio flaidi 
varies inversely, as the spacea into which the; are compressed. For 
example, if a cubic fbot of air of the atmospheric density be compressed 
into the compass of half a cubic foot, its elasticity will be increased from 
15 lbs. on the square inch to 30 lln. on the square inch, whereas if its 
volume be enlarged to two cubic feet, its elsstici^ will be diminished to 7^ 
lbs. on the square inch, being jost the half of its original pressore. The 
same law holds in all other proportions, and with all other gases and 
v^ionrs, provided their temperature remain unchanged ; and if the steam 
valve of an engine be closed when the piston has descended tlirough one- 
fourth ofthe stroke, the steam within the cylinder will, at the end of the 
stroke, just exert one-foarth of its inilial pressure. Thus let £ (Jig. IS.) 
be a cylinder; J the piston, a the steam pipe, b the steam valve, c the 
npper port,y the lower port, d the steam pipe prolonged to < the equili- 
l^um valve, g Ibe eduction valve, M the steam casing, N lop of cylinder, 
O Muffing box, a piston rod, P cylinder bottom : let the cylinder be sup- 
posed to be divided in the direction of its length into any number of equal 
puts, say twenty, and let the diameter of the cylinder represent thcpreEEure 
of the steam, which for the sake of aimplicilj^ we may take at 10 lbs., lo 
that we may divide the cylinder in the direction of Its diameter into ten 
equal parts. If, now, the piston besnppMed to descend through five of (he 
divisions, and the steam valve then be shut, the pressure represented at 
Mch Bubiequent position of the piston will be represented by a series 
computed according to the laws of pneumatics, and which, if the Inilial 
pressure be represented by 1 will give a pressure of *S at the middle 
of the stroke, uid of 'SS at the end of it If this series be set off on the 
komonttl Itnsi the; will give ft hyperbolic curve, the area of the part 
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exterior to which represents the total effi(^c7 of the stroke, and the 
iDterior area therefore represents the diminution in the efficacy of a stroke 
when the steam is cut off at one fourth of the descent. If the squares 
above tlie point where the steam is cut off be comited, they will be found 
to amount to SO, and if those beneath that prunt be counted or estimated 
they will be foimd to amonni to about 68, and these squares are repre- 
sentative of the power exerted, so that while an amount of power, repre- 
sented by 90, has been obtained by the expenditure of a quarter of a 
cylinder full of steam we get an amount of power represented by 68 with- 
out any expenditure of iteam at all, merely by permitting the steam first 
used to expand into four times it« original volume, llie efficacy of a 
g^ven quantity of steam is therefore more than doubled by expanding the 
steam four times, while the efficacy of each stroke is mode nearly one half 
less ; and therefore to carry out ue expansive system in practice the ^- 
linders reqolre lo be larger than usual in the proportion to wUch the 
expansion is carried. Every one who is acquainted with simple arithmetic 
can compute the terminal pressure of the steam in a cylinder when he 
knows the initial pressure and the point at vhich the steam Is cut off, and 
he cart also find by the same process any pressure Intermediate between 
the first and the last. By setting down these pressures in a table, and 
taking their mean, he con easily determine the effect with tolerable accu- 
racy of any particular measure of expansion, of which the mean pressure 
thus detenmned will be the representative. We stiall, however, at the 
proper place give practical rules for computing the effect of expansion at a 
single step : at present we aspire to accomplish nothing more than to con- 
vey a few ganeni ideas on the sutject to those who are not ft^ »" '!'■'■ with 
such inqoiries ; and as a snmmary of the ascertained effects of expansion 
will probably induce a more careful examination of the principle at a 
future stage of oor progress, we may here set down some of the most noto - 

Let the Ream be stopped 



A fortv-horse engine, constrticted by BIr. Watt about the time of the 
innodnction of his expansive principle, was found to require about BJ lb*. 
Of i»al per horse-pover per hour when working without expansion, and 
about 6J lbs. when the expansion was VSIS times. The water evaporated 
from the boiler was, without expansion, '674 cubic feet per minute; and, 
with the amount of expansion already mentioned. '501 cubic feet per 
minute; and the quantity of injection water was, without expansion, 19-3 
cubic feet per minute, at a temperature of 52degteesi and, w'th the cxptn- 
lion aforenid, 11-35 cubic feet 



jhreliminary Diteourte. - 



PreTloiu to the intrDdnctioD of Boultan and Wfttt's engine into Corn- 
wlU, yii. Jonsthui Homblover had been one of the prindpol mBlceis of 
engines for that diilrict ; and he appeara lo have made very strenuoiu efforla 
toprevem himself ftvm being dnvenont of BO profitable amarket. la 17B1 
he took out a patent, at «e believe ve have already mentioned, for a donble 
cylinder engine, which is said lo have been inrented in 1TT6. The form 
of this engine irill be understood at once by a glance at the accompaaying 
sketch (^if. 13.),iihereAi« thclargercylinderi Bthe smaller 
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Gondenao', L, which Manda im the box, M, and to which are fixed the 
pmnps O And N, for extracting the air and water ; P is a cold water cistern 
in which the condenser stands; U is the hot well to which the water is 
conveyed from the air punipa by the trough, T ; and into the hot well the 
feed pump V dips to obtain water for the boiler; W is the plug rodj and 
X the pump rod of the mine. At S a valve is situated to admit cold water 
iota the condenser I andp is a pipe lending from the condenser, closed on 
the top with a valve which serves as a blow -through valve, a 6 c of are 
cocka, two of which are the reciprocal of the other two, and which e&tnhlish 
the requisite communications between the boiler and the cylinders. When 
d and a are open, and b and c are shut, the Bleam from the boiler enters 
through d above the piston of B, and the sleajn troxa beneath the piston 
of B enten, above the piston of A, through a. At the sume time the valve 
aituated in the eduction pipe, where it joins the cylinder, is open, and the 
engine makei s stroke. Agiin, when b and c are open, and a and d shut, 
tt communication is established between each side of the respective pistons ; 
and, as an equilibrium of pressure is thus produced, the pistons rise by 
-virtue of the preponderance of the pump end of the beam. There is a 
great deal of mnnifL-st plagiarism in this engine ; the condenser and air 
pump, the cylinder covers with their stuffing boites, and indeed every 
thing good about the engine, is evidently borrowed from Mr. M'att, with the 
ainffle exception of the two cylinders ; and by them nothing was accom- 
ptisbed that had not been already attained by Mr. Watt quite as effectually 
with a aiugle cylinder only. The plan of two cylinders is still sometimes 
used incases reqiuring a great ei|uability of motion, or where the principle 
of expannoD il carrit^ to an unusual extent ; for the initial impulse is less 
rehement on the doahle cylinder plan than where the expansion is accom- 
pliabed in t. tingle cylinder, while the mean impellingforce remaiiis the same. 



There is thus less tendency br the motion to become irregular, and tea* risk 
of fracture from the extra pressure of «eam requiait'.- to maintain the power 
of an engine when working expansively. But there is no theoretical gain bj 
the use of two cylinders, and there is certainly greater complexity, while 
experience ebons that an engine constructed on the common proportions il 
strong enough to be capable of working up to its power at all ordinary de- 
grees of expansion, and the motion may be rendered uniform enough for 
most purposes by the use of a short stroke and aawitt and heavy fly wheeL 
There are cases, nevertheless, in practice in which we think two cylindera 
are to be preferred to one, but their number is by no means considerable, 
and they lie very little anicmg the class of pumping engines. Sevetvl ex- 
cellent pnmping engines, indeed, of the double cylinder description have 
been erected in Cornwall i and some, we believe, are being constructed 
there at the present moment, with the vitw, we suppose, of carrying ihe 
principle of expansion very far, without involving the necessity of making 
the parti of the engine inconveniently strong. But Ihe some end might, 
we conceive, be attained as eSectnally, and with greater ea°e, by increasing 
the length (rf'tlie stroke; and in a pumping engine uniformity of motion is 
an object of but little importance. 

The form Mr. Watt's cugine had attained about the period at which we 
have uow arrived is shown in the following figure, where A is tlie cylinder, 
B the piston, C the piston rod, E the cylinder steam casing, F the steam 




pipe, G the steam valve hv which the adin sslon of iteom to Ihe eyl nder 
it restrained or prev nted II the bo 1 r I the prolongation of the steam 
pipe to the equilibrinm valve k, L the eduction valve. M the condenser, J 
the eduction pipe. M the injection cock, O the foot valve, P the air-pump, 
Q the air-pump bucket, S the delivery valve, communicating with the hot 
well, T Ihe suction pipe of the feed pump, li the feed pump, V Ihe cold 
water pump fur lilting the iiyectian water into the cold water cistern, Y the 
valve handles, which are moved by tappets on the plug-tree, Z, suspended 
from Ihe beom; a is the body of the beam, b the main centre ; c,e, trust rods, 
proceeding from the central upright, d, to each end of the beam, (o obviate 
deSectloD ; e,/arch heads, to which the chains of the piston rod and pump 
rod accommodate themselves, g a small arch head for giving motion lo the 
air-pump bucket, on the rod of which the plug tree is affixed ; h,j counler- 
halance weights \ A, suction valve of the pump ; o, o, flues encircling Ihe 
boiler! p furnace ; r damper in the flue leading to the chimney. The 
manner in which this engine operates is easily comprehended. In this as 
in I)ie atmospheric engine, the piston necessarily stands at the top of the 
cylinder when the engine is at rest, in consequence of the preponderance 
given to the pump end of the beam, and the first step in starling the engine 
is to expel the air with which the tpicc beneath the piston, and the several 
pipes and passages hive become filled. This is accomplished by relieving 
the handles of the steam, equilibrium, and eduction valves, of their several 
catches, when the valves immediately fall open by the gravitation of weiglit* 
with which Ihey are connected, and the steam finds an access to Ihe whole 
internal part of the engine. At first il is rapidly condensed hy comin(r into 
contact with the cold metal ; but as Ihe iron becomes hot the steam flows 
onward, exiielliug Ihe air before it, and finally issues nt the tnifting oi 
valve, situated on Ihe lower pan of either ibe air-pump o; 
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valTct miut now tw ahnt, and a Tacaam will qnickly be prodaced wilbin the 
engine bf the condeautioa of the Keam. The blowing throngh may be re- 
peated two or three timea, in order to expel the air eSeduall;, and tha 
•ymptoin of id thorough eipultion i« the aharp crackling noise 
made b; the iteam at the anifiiag valve, which is canaed by the 
npld coDdensation of (he aleam when unmixed with air by the 
water anffend to Lie in the saifting valve cheat la keep the valvs 
6fjblt. When the engine hai been thorooghly cleared of air by 
blowiDg tbraogh, tho ateam and eitaclion v^vea are opened at the 
aame time, the equilibrium valve remaining ahut, and the injection 
cock ij also opeaed. The (team then preMing upon the superior 
iorftce of the piatoa while there ii a vacuam underneath it, 
forces the piston down. The plug-tree in its deaeent closes the 
(team and eduction valves,aDd opens the equilibrioni valve, which 
eMatdithe( an equality ofprcsaure above and beneath the piston, 
•nd the piaton then rises in conseqaeace of the pomp end of the 
beam being the heaviesL The plug-tree in its ascent close* the 
•quilibriDm valve, and opens the sleam and eduction valvca, and 
the BcUon is thus perpetuated. The water admitted by the in- 
jection cock is discharged by the pump, F, into the hot well S, 
from whence a sufficiency of water is drawn hy the small pump 
U, to replenish the b»iler. So impmrement in the principle of the 
(imple-Bctiug or pumping engine has token place since its pana 
Here arranged hy Watt in the manner here delineated. The great 
lever indeed is now made of iron instead of wood, parallel mo- 
tions are employed instead of arch heads and chains, and some 
improvements have been made in the details of the valve gearing 
•od other minuti^ But these modifications, though they may 
make the instrument more elegant and convenient, do not make 
it more effectual ; and an engine made after Walt's primitive 
type would with an equally eflTectual boiler, and an equal measure 
of clothing and enpanaion, do about the same amount of duly as 
the best of the modem constructions. 

We have already mentioned that Boullon and Watt charged their 
profits not on the manufacture of engines, but on tbe actual saving 
iheirengineseffected, the agreement for the use of them bein^soch 
that the patentees became entitled to one third of the savmg in 
fuel accomplished by the new inveDlion. Their gains were thus 
in the proportion simply of the benefit they conferred, and the 
amoant of thai benefit may be judged of from the HcX that the 
proprietors of the Chase Water mine found it to their advantage to 
commate the proportion of saving due to the patentees for S,100^ 
per annum. These payments, however, gradually came to ha 
looked opon as an intolerable burden by the mine owners, though 
the burden must obviously have been three limes leas grievous 
fli«ii under the former state of things ; bat by some iuGnnity of 
human nature, men who respect Sie rights of all other property, will 
oTten seiie withoat compnuction upon that which has sprung out vt 
the highest order of mental exertion \ and of all manufacturers there 
is no kind whose ware* are paid for with so much reluctance as the 
nanufoctarer of ideas. The Cornish minera paid the propartion of 
UviDga due to the patentees, with the unwillingness natural to men 
who conceived that nothing had been done to earn such ^ewaTd^ and 
many of them eagerly sought fbr a pretext to break the agreement into 
which they had entered. They countenanced and sapparted a set of pirates 
who left no means untried to wrest Mr, Watt's invention from hia grasp ; 
and so formidable did this confederacy become, that, in the imperfect 
itate of the patent laws which then obtained, Mr. Watt appears to have 
eiitertBined serious doubts of bis ability to nuuntain his rights. The 
machinations of this cabal reached a head in irss, in which year, after in- 
finite forbearance, the patentees were obliged to bring an action against ■ 
Mr. Bull by whom several of the mice-owners were represented, fbr the 
erection of an engine on Mr, Watt's plan at Outfield copper mine in Cora- 
walL The pirates contended, as is usually done in the lack of better argu- 
ment, that the patent was informal from the want of precision in the 
■pecification ; a dishononrable plea at the best, for no honest penon would 
attempt to seixe upon the property oF another, merely on account of a 
technical flaw in the title. Two of the jndge( however, called Buller and 
Heath, thought this pitiful objection of weight ) though Ijord Chief Justice 
Eyre and Justice nooke looked npon it as immateriaL As the Court 
was divided equally, no judgment was given ; and this being looked apoD 
as a sort of defeat, several other infHngements were begun. In 1799 how- 
ever the patentees commenced another action for infringement in the Coort 
of Common Fleas, which on this occasion was against Messrs. Homblower 
and Msberly, and a verdict waa given for the plaintifis. A similar caae 
wu tried in the Court of King's Bench, and the judges there were nnani- 
mous in lupporting the rights of the patentees against the cnpidity of tha 
litigious highwaymen who aspired to legalize their robberies. It ia incom- 
prehensible to us, how a man of ingenuity, which Homblower certainly 
was, could descend to such arts as attempting to rob a brother mechanic of 
the fruits of bis ingenuity and perseverance i and we are still more at a 
toes to account far the bitter hostility dispbyed by Bramah throughout these 
trials ; who tried hard to make it clear that Mr. Watt had no nght to any 
patent whatever I If Mr. Watt bad no such right, who in the name of 
heaven ever had ? and of what rich gifts would not univeml homanity 
have been defteuded, if Watt had been discouraged fhnu proceeding hither 



at the commeneement of his career of improvement! It iathe steam-engine 
I kindred spirit, * that fought the battles of Earope, an ' ' ' ' 
' L the arduous straggle in which we are 




with countries less oppressed with taxation ; so that upon the slender thread 
of Watt's prosperity, which a court of law might have rudely aevered, 
bung the wel&re of nations, and the repoae of the world. Fortunately ftir 
human nature, Watt'a pimy rival Bramah was not bis judge; and thediffleultie* 
thrown in his path as they were insufficient to impede his progress only 
stimulated hia powers to a more active exertion. It was the Comi^ 
conspiracy in ili probability, that made Walt tum his attention to the 
invention of an engine fbr the production of a rotatory motion, so that be 
might eonlinue to enjoy the fruits of bis ingenuity, even though driven 
fVom tbe Comish field. Of this invention we muat now proceed to give 
some account, but may first enumerate the more notable pn^jects fbr the 
production of rotatory motion, both before and after the timeof Watt; tot 
altbovgh thedateof some of these devices is more recent than that of Watt'a 
invention they are all more antiquated in point of quality. 

Savery and Papin both propewd the production of a rotatory motion by 
means of their machines, and in 1736 Jonathan Hulls proposed to propel a 
boat by the agency of paddle wheels moved by a Newcomen engine. In 
17.^9 Mr. Kean Fitigerald proposed to supply mines with air by meaiM of 
a revolving fan, wrought by a Newcomen engine, and in 1777 Mr, John 
Stewart described a plan for converting rectilinear into circular motion, in 
a paper read before the Royal Society, and in which he incidentally men- 
tiona the use of a crank, but rqecia the idea as being impossible in practice. 
In 1779 Mr. Matthew Washbrongh took out a patent for the production of 
a continuous circular motion by the appliealion of ratchet wheels. Indeed 
in all the plans we have mentioned, ratchet wheels or some analogous con- 
trivance, by which awheel waa carried round a certain distance during the 
descent of the piston, — the catches being either inoperative during the as- 
cent, or made to act apon ratchets disposed in the contrary direction, — appear 
to have been the instruments ; but in 17S0 th* ratchet work of one of Mr. 
Wasbbrongh's engines, which had been erected at BirmiDghtm, was removed 
bythe persons who had the care of the engine, and a simple crank substituted 
in its stead. There can be no doubt we Miink, from what Mr. Watt says on 
this subject, that the idea of the crook Uaktd out from Soho. Tbe ratchet* 
were found to be extremely troublesome to keepm order) and the people in 
the charge of the engine were very likely to adopt any remedy that was 
thought to be sanctioned by so high an authority as Mr. Watt. In 1780 a 
patent was taken oat by Mr. Pickard of Birmingham for a method of deriving 
a rotatory motion &om ■ fire-engine by the intervention of a crank. The 
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engine ii not icpmented in the speciEcktion of bis patent, bat the sketch 
giTCD injSj. 15. will explain in what manner the crank waa applicable to 
the common alniosphenc engine. 

A it the ffamace, B (he aah-pit, C the boiler, E the cylinder, L the frrcat 
Ie*er, G the injection cistern, M the connecting rod, N the crack, Q the 
flf-wheel, / the plng-trce which ^vea motion to the Talies. It is obTioiu 
that tbij engine can onlj giTe an impnlte to the flj-wheel dnricg its down- 
■muA stroke, bat the enem then imparted to the fly-wheel will continue 
the motion with eoniiderule nnifbnnity during the ascent of the piston. 

To add to the regolarit; of the taoiion, in the ease nf a crank applied to 
■n engiiM on the atmospheric plan. Mr. Francis Thompson of Ashover, 
in Derb;shiie, eontrired about 1793 a plan of combining two cylinden 
•o u to prodaee a double actioo. The foregoinfc representation shows 
the natnre of bis amnpraente :— E {fig. IG.) is the ordinary cylinder, 
and F an inTcrted cylinder situated above it with a space, n, between 
the cylinden to permit the access uf the atmosphere to press upon the 
^rtona. L L is the main IcTer, and K the arch head which is connected 
with the [niton rod by double-acting chains through the medium of a 
bridle, ao that tbe piston rod may communicate an upward as well aa a 
downwud motion to the leter. There are three chains in all — two, 
fbr pnlling the lever down, and one for pulling it up. Q is the cold water 
or iqjeetion eislem, which receiTes its water from the pump R, through tbe 
pipe 8 ; T is the lerer wall, II the spring beams, and X a solid pier of 
maaoniy on which the lower cylinder rests. M is the connecting rod 
which tarns the wheel, N, working into tbe pinion O, on the shaft of the 
fly-wbcel Q, thereby giving an increased energy to tbe fly-wheel by its 
•ogmenled Telocity, a is thesteam pipe, hand c the steam valies,/a passage 
ItMJng from the steam Talie into the lower crlinder, g g edoction pipea, 
l^t the injection cocks,)' the injection pipe leading from the elevated cold 
water Astern, k a saining vaive to the lower cylinder, and there is a 
(bnilw Talre attached to the npper cylinder, but it Is not shown i i the 
•Ing rod which gives motion to the valve hsndles, r and s, by which the 
mgrcM otthe steuD and injection water into the cylinder is duly regulated. 
A Isi^ aogine on ttus plan was set up by Ur. Thompson at Arnold near 
Motti^ham, to drive a spinning mill, and it accomplished its task success- 
fcll^ for many year*, though with a Urge consomption of fucL The 
eylmdert were 40 inches in diameter, the length of the stroke 6 feet, and 
the number of stnAea per minnte 18. Very few similar en f^nes, however, 
hare sinoe been eonttriicted, •« they were foand qnitc as dilEcalt to keep 
in good onler ta tbe more refined engines of Boulton and Watt, and fhr 
Boie eztiaTagant in fiiel. 

Anotbcr double-acting atmoipberic engine, of a different construction, 
bat alio employed for spinning cotton, was erected in Manchester by 
Means. Sherratti aboot 179i. The idea of the donble-aeling mechanism i^ 
this cnpoe i« evidently taken from tbe double-acting air pump, as con- 
a u aet e d bj philoM^icil instrament makers ; and of the rest cnC the plan 



the greater part is pirated from Mr. Watt. EE(^.17.) are the cylinders 
open at the top, J J the pistons, K K the piston rods, which nre toothed. 
and work into the wheel L L, which answers the purpose of the great 
lever, ii are racks for giving motion to the air pumps, and which work 
into the smaller wheel 7. 7, situated on the same axis as L. P is a lever 
also flied on the same axis p, and which, by mesne of the connecting rod 
M, iiaparts motion to the crank. N, Gied on the shait of the fly-vrheel Q. 
a a is the steam pipe with a middle branch, d. descending in an inclined 
direction to the box holding the steam valves //. and beneath which are two 
eduction valvescommnoicating with the eduction pipeg. F is the condenser, 
*lhe fool valve, H H the airpumps, 1 1 the hot well, G O the cold walercistcm ; 
U U are strong beams for supporting the axis, i^, of the wheel L, XX strong 
beams for supporliag the cylinders, and Z a throttle valve in the de- 
scending branch, d^ of tbe steam pipe, to regulate the flow of the steam. The 
cylinders of this engine were 3G inches in diameter, and the length of the 
stroke 4 feet AtSnt tbe engine made 40 strokes per minute, but its speed 
was afterwards reduced to 30 strokes per minute, II continued to work con- 
stantly for upwards of 30 year*, bat its proprietors had to pay Mesira. 
Bonlton and Watt for a licence to nse il, in consequence of the large adop- 
tion of their improvements. The use of the rack work is not so ol^ection- 
able as might at first sight appear, as the pressure on tbe teeth is always 
in the same direction, provided steam of no higher tension than the atmo- 
sphere be used, and there is therefore no hack-lash between the teeth. 

The only other engine we shall notice before proceeding to describe 
Mr. Watt's rotative engine is the engine of Hr. Edmund Cartwripht, 
pBtenti:d in 1797. The following are the improvementa enumerated in his 
specification; — 

" 1B(. The water or other liquid which is used to produce the ateam to 
work the engine i* to circulate coulioually through the engine, without 
having any commimication with the external air, and without mixing with 
any other fluid. 

" ind. The lower part of the cylinder is to be always open to the con- 
denser, and the condensation is to be performed during the relumingstroke 
of the piston, which has only a single action. There are to be only two 
valves, one at the top of thecylindi-r. and the other in the piston ; and these 
valves are to be opened and ^u( at the proper intervals, by the motion of 
the piston itself. 

" 3rd. The condensation is to be performed in a close vessel by the sppli- 
calion of cold water to the extental surface of that vessel on the common 
principle of distillation, without aoy iiyecUoQ of cold water into it. Tbe 
condenser is to be composed of two cylinders of very thin metal, one lixed 
within the other, so as to leave a very narrow space between them for the 
steam. This condenser is to be immersed in cold water, which is to sur- 
round the outside cylinder, and to fill the internal cylinder, whereby a very 
thin stratum of steam will be exposed to a large sur^e of cold metal. The 
coikdeDied liqtiid which drain* to the bottom of the condenser is to be drawn 
D a 
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ant by > tnllab pnmp, and re rued h Iw n vbich msy 

Kt iato the condeauT being separated froin the water before it reaches tb<3 
iler, and dUcharged iaVi the open air. 

" 4tb. The pUton U to be made entirely of metaJ, -wilbmit boj hemp 
packing. 

Lastly. Inatead of vater the boiler is to be filled with distillen' wash, to 
prodnM the steam vith which the engine is to be worked." 

The stmctnre of this engine will be made apparent by the anneied deli- 
neation. EE 0|o. IS.) is the cylinder, and J J its piilon, which is in the act 
of descending. C is the stt:am Talve sinwled in the cylinder cover, and en- 
eloaed in the box d. F is the condenser ; H the air pomp, the piitoD of 
which operates by ezpresskm ) O the cold water cislern ; O a pinion 
•itnated on the shaft of the fif -wheel QQ. and moved by the wheels NN. 
To the axM of these wheels are affiled the crankspp, connected with thu 
cros* bead o 0, by the rods H and K. a is the steam pipe, r a small spring 
affixed to the npper end of the piston rod for shntting the steam valre, 
vhen the piston has descended sufficiently } n is the piston rod,/, g the 
eduction pipe, h the foot valie, n the discharging valve and pipe, throngh 
which the condensed steam which enters the air pump daring the ascent of 
the piston if expelled into the hot well L A float is placed in the hot well, 
commanicating with a small inverted valve, and should any air enter the 
enpne b^r leakage it will accumulate in the hot well, and depress the water 
level, which wilt open the valve and allow the air to escape. T is a pipe 
which conveys the water from the hot well to the boiler. The valve in the 
piston is opeued by its ipindle toncbing the bottom of the cylinder, and the 
■inndle* of both it and the steam vatre are pressed lalerally by springs, so 
as to occasion sufficient friction to retain the valve in the position in which 
it may be set. There is a great deal of ingenuity displayed in this combi- 
nation, bnt the devices are more elegant than feasible, and engines made 
on this plan were not found to work welL The refrigerating larface in 
the condenser is much too small, and the air would accumulate beneath the 
air pump piston, and impair the vacuum. Another obvious disadvantage 
is, that the presinre of the ileam in the boiler is thrown apnn the air pump 
[Hstan so soon as the discharging valve is opened, which must occasion an 
Dnnsnal strain upon the air piunp if the pressure of the steam be consider- 
able. Metallic pistons are now common ; but that contrivance had pre- 



vioDsly oecutred to Mr. Watt : ;ind there is nothing else that is good in this 
kind of engine, and all of Csrtwright's engines that were made have either 
been discoutinned or broken ap. — But we must now return from the con- 
templation of these imperfect contrivances to the proceeding of Wstt, to 
whose unaided ingenaity we are indebted fbr the double-acting steam-en- 
gine as we now find it. We cannot do better than give in his onn words 
the several steps of the invention. 

" I bad very early turned my mind to the producing eontinned motions 
round an axis ) and it will be seen, b; reference to my first specification 
in 1T69, that I there described a aleam-wheel, moved by the fiiree of gleam 
acting in a cireuJar channel against a valve on one side, and against a 
colomn of mercury, or some other fluid metal, on the other side. This 
was eiecoted npon a scale of about sL-i feet diameter at Soho, and worked 
repeatedly, but was g|ven up, aa seveial practical objections were foimd to 
operate agunst it. Similar objections lay against other rotative engines 
which had been contrived by myself and olhen, as well as to the engines 
producing rotatory motions by means of nlchet-wbeels. Having made my 
reciprocating engmes very regular in their movements, I considered bow (o 
produce rotative motions Irom them ui the best manner ; and amongst 
various schemes which were sulyected to trial, or which passed through my 
mind, none appeared so likely to answer the purpose as the application of 
the crank in the manner of the common turning lathe (an invention of 
great merit, of which the humble inventor, and even its era, are nnknown). 
But, as the rotative motion is produced in that machine by the impulse 
given to the crank \n the descent of the fbot only, and behoves to be con- 
tinued in its ascent by the momentum of the wheel, which acts as a fiy, 
and being unwilling to load my engine with a fiy heavy enough to continue 
the motion during the ascent of the piston (and even were a eonnterweigbt 
employed to act during that ascent of a fly heavy enoo^ to equalise the 
motion). I proposed to employ two engines acting upon two cranks fixed 
on the same axis at an angle of ono hundred and twenty degrees to one 
another, and a weight placed npon the circnmference of the fly at the same 
angle to each of the cranks, by which means the motion might be rendered 
nearly equal, and a very light fly only would be requisite. This had oc- 
cnrred lo me very early ; but my attention being folly employed in making 
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•nd erecting engines for raising water, it remained in pello until about ihe 
year 1778 or 1779, vhea Mr. Wuhbrough erected one of his ratchet-wheel 
enginea at Birmingham, the frequent breakages and irregularities of which 
recalled tbe sul^ect to vay mind, and I proceeded to make a modeL of my 
melbod, which answered myeipectatioua; but having neglected to take 
nut a patent, the iaventiDD was communicated by a workman employed to 
make the model to some of the people about Mr. Washbrough'g engine, and 
a patent wa« takeo out by them for Che application of the crank to steam 
engines. This fact the i^d workman confcasedi and the engineer who 
directed the works acknowledged it, but laid, nevertheleBS, the same idea 
had occurred to him prior to his hearing of mine, and ihat he had even 
made a model of it before that time, which might be a tact, as the applica- 
tion of a tingle crank was sufficiently obrtous. In these circomBtances I 
thought it better to endeavour to accomplish the same end by other means 
than to enter into litigation, and if successAil, by demolishing the patent, to 
lay the nutter open to every body. Accordingly, in 1781. I invented and 
look out a patent for several methods of producing rotative motions from 
reciprocating ones, amongst which wai the method of the sun and planet 

" Tbii contrivance was applied to many engines, and possesses the great 
advantage of giving a double velocity to the fly ; but is, perhaps, more sub- 
ject to wear, and to be broken under great strains, than Che crank, which 
IS now more commonly nsed, although it requires a fly-wheel of four times 
the weight, if flied upon the first axis. My application of the doable 
engine to these rotative machines rendered unnecessary tbe coonter-weight. 
and produced a more regular motion : so that, in most of our great nuuiu- 
factories, these enginet now supply Che place of water, wind, and horse- 
milli ; and instead of carrying the work to the power, the prime agent i* 
placed wherever iC is most convenient to the manufacturer. 

" I do not exactly recollect the date of the invention of the double 
mgine, but a drawing of it is still in my possession, which was produced in 
the House of Commons when I iras soliciting the act of Parliament for Ihe 
prolongation of my patent in 1774 and I77S. Having encountered much 
diScnlty in teaching others the construction and use of the single engine, 
and in overcoming prejudices, 1 proceeded no further in it at that time, nor 
nntil finding myself beset with a host of plagiaries and pirates in 1782, I 
tlionght it proper to insert it, and some other thing*, in the patent above- 




" Fig. 19. IS a vertical nee! on of one of the Albion Slill engines. Tbe 
(leam-[Mpe conveys steam Irom the boiler to the cross-pipe, or upper 
Meam-ooille Q and bv the perpendicular steam-pipe to tbe lower 
Mcmi-nosile. In the noisle G is a valve, which, when open, admits 
■team into the cylinder above the piston through the horiionlal square 
pipe at its top ; and in the lower steam-noiile (here is another valve, 
which, when open, admits steam into the cylinder below the piston. In the 



I, which, when open, admits sCeam . 
paM tnm Ihe cylinder above the piston into the exhaustion-pipe J, which 
etmrm it to the oondensing-vessel M, where it meets the jet of the injec- 
tion tram the cock N, and is reduced to water; and, in the lower ei- 
baaMK»>IWUle, there is also a valve, which, when open, admits steam 
to ptM out of the cylinder below the piston, by the eduction -pipe, into the 
coDdenier M. 

" Tbe piMgn being at the top nf its stroke, the valves G and L are to be 
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opened, and Che fiy-whecl m turned by hand about one-i 
tion, or more, in the direction in which it is iuluuded to move ; the Bteam 
which is then in the cylinder wiil pass by L into the condenser, when, 
meeting the jet of water from the injeecion-cock, il will be converted into 
water, and the cylinder thus becoming exhausted, the steam, entering the 
cylinder by the valte G. will press upon the piston and cause il to descend, 
while, by its action upon the working beam through the piston-rod, &c., it 
pulls down the cylinder end of the beam, and raises up the other end and 
the connecting rod A, which causes the planet-wheel, i, to tend to revolve 
round the sun-wheel j; bat the former of these wheels, being fixed npoa 
Che connecting-rod so that it cannot turn upon its own axis, and its teeth 
being engaged in those of the sun-wheel, the latter, and the fly-wheel, upon 
whose axle or shaft it is fixed, are made to revolve in the desired direction, 
and give motion Co the mill-work. 

" As the piston descends, the plug-tree, Z, also descends, and a clamp or 
slider, ;. fixed upon tbe side of the plug-tree, presses upon Che handle, I, of the 
upper Y-shafI or axis, and thereby shuts the valves G and L ; and the same 
operation, by disengaging a detent, petmits a weight suspended to the arm 
of Ihe lower Y-ah^ to turn the shaft upon its axis, and thereby to open 
the other valves. The moment previous to the opening these valves 
the piston had reached the lowest )art of its stroke, and the cylinder alior« 
the piston was filled with steam ; but as soon as H is opened, that steam 
rushes by Che eduction-pipe, J, into the condenser, and the cylinder aim's the 
piston is exhaosted. The steam from the boiler entering by I and K acts 
upon the hiper side of the piston, and forces it to return to llie top of the 
cylinder. When the piston is very near the upper tenninalion of its stroke, 
another slider, a, raises the handle, and in so doing disengages the catch 
which pennita the upper T-shalt to revolve open its Own axis, and open tbe 
valves G and L, and Ihe downward stroke commences, as has been related. 
When the piston descends, the buckets, R T, of the air-pump P, and hot- 
waler pump T, also descend." d,fv:K Che rods and links of the parallel 
motion, W the governor communicating with the throttle valve 1^ by 
means of the lever X The second air-pump, T, is not used in modem 
engines, and the sun and planet wheels have given place lo the crankj but 
this engine it as capable of a good performance as the beat engines now 

In the first double-acting engines constructed by Mr. Watt, the motion wac 
imparted from the piston rod lo the beam by means of a rack and sector, the 
upper part of tbd piston rod being toothed, and working into a toothed are 
at the end of the great lever. This plan, however, was found to be objec- 
tionable in practice, as the teeth shifted their point of contact to Iheir oppo- 
site udes at every turn of the stroke, and the noise and concussion thni 
occasioned gave rise to injury and incouvenience. To obviate these ol^ee 
tions. Mr. Walt contrived a method of connecting the piston rod to the 
beam by a link and at Ihe same lime counteracting the disturbing infinenea 
of tbe beam radius, by means of an expedient termed the parallel motion, 
fbr which, and some other imp^ovement^ he took out a patent in 1784. 
This was his fourth patent, hia first being for the condensation of the atean 
in a separate vessel, his second for the production of rotatory motion, and 
his ihird for working steam eipanaively. and for the double action engine. 
The fourth pa(eT<' is full of ingenious contrivances, some of which we may 
here enumerate. The first of them is a new rotatory engine, which might 
not be unap[iropriately termed a steam turbiue. A vessel shaped like a de- 
canter Is divided vertically by a diaphragm, and poised upon a pivot at the 
bottom, whilst the neck is put in connection with a steam pipe. Each coia- 
panment is provided with a valve at the bottom opening inwards, and with 
valves at the neck, by which the steam may be admitted into each compart- 
ment alternately. The vessel is immerged in water up to the neck, by 
which means both compartments are filled with water, and the steam being 
then let into one compartment forces out the water through an appropriate 
aperture at tbe bottom, and puts the instrument in revolution after the same 
fashion as a Barker's mill So soon as the water is expressed out of one 
compartment, the steam is turned into Che other, and that first acted on 
full by the lise of the water through the bottom valve, when 
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be (g^ acted upon 



the aeaja pr«mure ii vitbdravn, and is thui readj 

liie wcond eoDtriiaace meationed In tbii patent li the parallel motion, 
of vhieh Kveral varietie* are represented. Let A B and C D (_fii/. SO.) be two 
lerere utnaled one aboTe the other in the unie vertical plane, and connected b; 
the link B D ; dnnng iheir movement into the position indicated hj the dotted 
line*, the point E will not deviate leniiblf out of the Tertical line. If, tfaeie- 
fore, A8 be eappoaed to be half of the beam of an engine, and the pi«lon 
rod be attached to the pinnt £, iti proper action will be luuUKnrbed by the 
motion of the end of the beam in the accent of a circle. This kind of 
parallel motion, however, ia not vei? ottea employed ; but a kind termed 
the compfcte parallel — '■ — ■*" 



Fig. 21. 




acribedin the tame speeificatioc 
ia now employed ainioat 
nniverwlly in the caae 
of land beam enginea. 
Here AB (Jig.2l.) ii 
half the beam a« before, 
A being the mun centre, 
B E the main linka con- 
neeting the piston rod, 
F, with the end of the 
beam, G D the air-pomp 
links, from the centre of 
which the ur-pnmp rod 
is iiupended. The rods 
CD and ED are those 
r which frive the parallel- 

ism. C D IS moveable 
only Tonnd the fixed centre C, bat ED is not only moveable roaad 
the centre D, bnt the centre itself moves in the arc described by 
C D, and by this actioa £ D redreisea the distorting influence of 
itl own radius. 

The next expedient described in this specillcation that we ihall 
mention is a method of working a forge hammer by the direct force 
of fteam withont the intervention of cams or wheel-work. This 
contrivance has been of late resuscitated bj Mr. Naimylh of Patri- 
orofl, and inventions are eonliaoally being propounded aa new and 
Improved methods of operation, which are to be foond in all their 
integrity in Mr. Watt'a specifteationa. In his third patent, for ei- 
amme, we have a new variety of engine which ii thus described: — 
"My fifth new improvement conaisli in making the ateam eylindera in the 
form of greater or lesaer segmenta or sectors of cylindricid vessels ; and 
placing in the centre or axis of the circolar corvatore of such vessels a 
round shaft or axle which passes through and extends beyond one or 
both ends of the ateam-veasel, and I ahut up the ends of the steam-vessel 
with smooth flat plates which have proper apertures for the axle or shaft 
to pus through ; and within Che steam-vessel I Bi to the axle a plate by 
way of [naton, extending fhim the axle to the circular circumference of the 
tteam-veaael, and atao extending fhim one end of the steam-vessel to the 
other end thereof, and 1 make sucb piston steam-tight by BDrroanding 
Oie parts which fit to the steam-veasel with hemp, or other soft aubstsiDces, 
soaked in grease or oil by means ofaprings made of steel, or other solid and 
elastic or pliable materiala ; and withm the ateam-vessel I fix one or more 
plate* or divisioas extending from the axle to the circumference of the 
tteam-Tessel ; and where these plates or divisions join to or approach to the 
axle, and also where the said axia pasaea through the end ptatei of the 
ttetun-TesaeU 1 make auch joinings steam or air-tigbt by similar means." 
niia. In all ita main features, is identical with the engine lately projected 
by Erieaoo, and fixed by hira on board the United Staiea steamer, " Prince- 
ton." Again, in one of these patenta we have the contrivance known aa 
the trunk engine, which consiatsofan engine with a hollow piston rod, within 
which the connecting rod libratea. We have aUd a portable engine and 
machinery for moving wheel carriages, and it ia stated that the steam may 
either be discharged into the air after having given an impulse to the piston, 
or partially condenaed in veasela exposing a large sur&ce to the atmoiphere. 
Indeed, there is scarce an invention in steam machinery holding out unj 
reasonable advantage that has been propounded since Mr. Walt's time, of 
which the germ, more or leas developed, may not be found in his patents or 
In his practice. 

When steam-engines were Brat employed to turn millvork, it became 
to employ some expedient to make their movements more regular 
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than they hod hitherto i>een in the performance of their former function 
of raising water. In his smgie-octing engines Mr, Watt hail been in the 
habit of using a valve callbd the throttle- valve, to modify the speed of the 
piston ; and in a ease wtiere uniformity of motion was no great conse- 
quence, it was sufficient to regulate this valve by hand as occasion required, 
but in the impulsion of millwork, especially of that deacription emplc^edin 
the cotton manu&cture, a perftet miiformi^ in the engine speod became ex- 
tremely important. This, it was obvioua, coold only be BMompUthed by some 
automatic contrivance, by means of which the engine might be made to redress 
its own irregularities, and by the application of the governor Mr. Watt per- 
fectly accomplished the deau?ed object. The governor had previonsly been 





I it left hia hand. To onr less proficient readers a repre- 
govemor, and on account of the manner of its application to 
regulate the thrattle-valvc, may not be nnacceptable. A (fy. S3.) is the seat of 
the throttle- valve, and Z the valve itself, turning on a apmdle which passes 
ihrougli its centre : a ia the steam pipe, u the throttle- valve lever, on whicb 
the rod H proceeding from the governor acta i D D is the spindle of the 
governor, which is pat into revolution by means of a belt acting on the 
pulley d; EE (he balls hung on the ends of arms, which cross each other at 
t. like a pair of scissors. On the Bpindle DD being put into motion, the 
balls recede from the spindle by virtue of their cenlrifogal force, and in 
doing BO draw down the collar, into which the lever F worlu, by meana of 
the links/, h. By depressing the end F, of the lever, whoae centre ia at G, 
its end H ia of course elevated, and the valve Z is thereby partially closed, 
the effect of which ia to redress any extra speed of the engine, which may 
have caused the balls to diverge beyond their accustomed range. 

The engines erected by Messrs. Boulton and Watt, about 17B5, for giving 
motion to the oiachinery of the Albion milla. contained all the iroprovr- 
menta (hat we have enumerated, and those engines are the type fWnn which 
land engines, up to the present time, have been constructed. The sun and 
planet wheels, indeed, have been discarded in modem engines in favour of 
the crank, and (he main lever is now made of iron insteiS of wood. The 
modern valve gearing is also different, and works more harmoniously, the 
slide valve being used Instead of apindle valves moved with tappets ; but 
aUhough the engine is made more elegant by these modifications, it is not 
mode more efi'ectuat, and the engines of the Albion mills have been very 
little exceeded in (heir performance by the best modem engines, which 
work with the same measure of expansion. 

The valve gearing applied to the engines of the Albion milla, which was 
that generally employed by Messrs. Boulton and Walt at this time, it 
worthy of being described, add (Jig. S4.)ia the steam pipe communicating 
with ^e companmcnts b and e.above the steam valves, gg ia the eduction 
pipe communicating with the spaces h and i, below the eduction valvea. 
The apaces c and / communicate with the cylinder. 

In the gearing, as represented, the npper steam and nnder eduction 
valves are open, so that the piston most be in the act of descend- 
ing. Z is the throttle-valve, ( the plug rod, S and 3 the tappets, which give 
motion to the lever s, sitaated on the shaft «, and by means of which (he 
upper educ(ion and tower steam valves are opened and shut throngh the 
medium of the rods 13 and M, The liandle r on the shaft I is moved by 
lappets on the other side of the plug rod, which are hardly visible in 
thia view, and opens and abuts the upper steam and lower eduction valvea 
a( the right intervals by means of (he rods 10 and II. The valves ara 
kept shut by weights suspended ftom the levers 4 and 15, the levers posung 
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7 the cseuire. vhen the valve ia closed and the giBTiiy 
t£%bK «ci^u thai tending to kevp the TsJTea closed firml; after the manner 
at K tombler. The leieri and roda, it vill be observed, are in the ume 
■trught line vhoi the Talvea are cloaed, and it ia therefore inpouible that 
tb« rahanating valvea can be breed open by the preuore of the iteam. 
TUa kind of valie gearing waa Tonnd to be very effectual so long ai it 
remained in good Older; bntin tbe event of wear or mal-s'^uiitnienl a con- 
ndenUe leakage of iteam took place through the eduction valvea, and it 
'wat thttttMe foond preferable to employ a apeciM of eduction mite that 
■WW p r e wad doaer by the iteani. Of theae improved valves one of the 
BUM elenat varietiea ii that contrived by Mr. Murdoch, of vbich ne here 
add(Jig.2i.) is the ateam pipe, and Z the throttle- 



!a of the aleam valves, the eduction valvea being connected v^ the 
levers 18 and iO, and the iteim valvea with the levera 19 and 21. Of this 
▼alve gearing Hr. Farey baa given a very elaborate account, which we 
here introdoM for the b»ieflt c^ luch of oar readers u have virtue enough 
to read it. 

" The valvci are raised by anilable abort levers fixed npon hoiiaontal axea, 
-whieh are movnted in brackets fixed to the front of each box in which the 
vb1t«« sn contained, and rising ap above the cover of that box. The 
•^ndto of each of the exhausting- valvea has a aqnare opening through it 
near its np^ end, to receive theeitremiiy of the lever by which the valve 
is to be raised ; and the hollow ipindlc of each stcam-vaSve ia included 
between the extremities of two levers, which are affixed upon the same 
aut parallel to each other, and those extremities enter into s circular 
grovre formed round the oatside nftbe stufBng-box at the top of the hollow 
■piiidle, K> as to enable those levera to lift up the aiulEng-bax and the valve. 
The npper end of the t|nndles of the eihaualing-valvei are received in 
flxed goidea which retam them in their vertical poaition, and the lower 
end* c< the ome spindles are retained in sockets in the centres of the valve 
tmtM, The apindle* being thus guided at their upper and lower ends, the 
valra will rise and Ul very correctly into their seals. The steam-valves 




are guided by the same spindles which pau through them, and also by the 
stuffing-boxes through which their hollow spindles pass in the centres of 
the covers. The utmost accuracy Is required in the execution of these 
nossels to make the sEals for the two valves exactly concentric with each 
other, and also witb the upper edge* of the boxes where the covers are 
fitted on, and with their stuffing-boxes. The horisontal axes of the leven 
hj which the valves are lifted, have other levers 18, 19, and 20, SI, fixed 
npon them, and projecting OBt in an oppoaile direct ion in fhinti the ends 
of these levers are connected by the upright rods 10 and 13, so as to unite 
the levers for the upper and lower valves r, i, in two pairs. The levera SO 
and 31 can be prolonged, as ahown In the dotted linea in fig, U. by insert' 
ing the ends of ban r and » into sockets formed on the top of each lever i 
these bars serve as lever handles, and by depressing them the engine-man 
can open either pair of valves, in order to start or stop the engine. The rod 
10 connects the end of the lever 20 for the lower exhausting- valve witb the 
lever 19, of the upper steam-valve, and when the handle is deprewed it 
opens both these valves in order to pradoce lh« descending stroke of the 
piston. The rod 13 nnitea the lever 31 of the lower steam valve, with the 
lever IB of the opper exhaneting-valte ; and when the handle, i, ia de- 
pressed, it opens both these valves, to make the descending stroke of the 
piston. Tlie valves tend to shot by their own weight, but that would not 
be quite sufGcient; therefore two rods 11. 1! are jointed (o the end* of the 
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levers 20, 21, to connect them -with the upper ends f, ti, of two inclined 
levers 1 16, and u 17, which are poised upon a cylindrical part of a hori- 
xontal axis 3, 3, and can turn freely round upon that axis, as a centre of 
motion ; these levers are inclined in opposite directions, and cross each 
other like the two blades of a pair of scissors. The opposite or lower ends 
of the inclined levers are connected by links 16, 17, with balance treadles 
15, 4, which are levers loaded with weights, tending to draw down the 
lower ends of the inclined levers so as to cause their upper ends t, u, to 
bear upwards; this action is transmitted by the rods 11, 12, and 10, 13, to 
the outer ends of the several levers of the valves, in order to press down 
the opposite ends of these levers, which act upon the valves and thus 
cause the valves to shut down close into their seats, whenever they are 
allowed to descend. In opening either pair of the valves, whether it is done 
by a man with the handles r or «, or by the working-gear of the engine 
itself, the weight 4 or 15 belonging to that pair of valves must be over^ 
come and raised ; and the effort made by the weight to retm:ii, tends to 
close that pair of valves. The working-gear is moved by an excentric 
circle, which is fixed upon the main axis of the crank ; it is a circular 
ring, with a groove formed round the edge like a pulley ; and it has a 
round hole through it, the centre of which is about six inches out of the 
centre of the circle. This excentric is fixed fast upon the square axis by 
four wedge pieces, which are applied npon the four fiat sides of the square 
axis, and the outsides of the pieces are formed convex, so as to fill up the 
round hole through the excentric ; these pieces are driven tight into the ex- 
centric, so as to jamb it fast upon the axis, that it cannot slip round upon 
it A circular brass ring is applied in the groove round the edge of the ex- 
centric ;, it is made in two semicircles put together, and firmly united by 
nuts screwed upon bolts, which pass through ears projecting out from 
each semicircle ; these bolts are the extreme ends of the two branches of 
the compound-rod 2, 2, which conveys the motion of the excentric ring to 
the working-gear ; the two branches are joined together into one rod at 
the end nearest to the cylinder, but they diverge from each other, so as to 
include the eccentric ring between the screws which are formed npon the 
other ends of them ; one of those screws being over the top of the ring, 
and the other beneuth the bottom of it \^lien the axis and the excentric 
turns round, it will move the rod 2, 2 backwards and forwards through 
a space of about 12 inches at each revolution. The excentric projects 
but from the axis on the same side as the crank projects out therefrom ; 
consequently when the crank pin, in moving round in its circle, arrives 
nearly on a level with the axis, and the piston is near the middle of its 
stroke, the rod 2 will have been moved by the excentric, to the full limit 
of its course, and will be setting out on its return. When the crank is 
nearly in a line with the connecting-rod, and the piston is near the top or 
bottom of its course, the rod 2 will have arrived at the middle of its course. 
The end of the compound-rod 2, 2, where the two branches are joined 
into one rod, rests upon a small roller which is mounted in a box fixed near 
the edge of the condensing cistern ; this roller bears the weight of that end 
of the rod, and allows it to move backwards and forwards; the end of the 
rod is prolonged beyond the bearing on the roller, by another short rod 
which is jointed to it, and which acts on a pin at the lower end of a lever 
8, fixed upon the horizontal axis 3, 3, near to one end of it By this means, 
at every complete stroke of the piston, the axis 3, 3, is turned backwards and 
forwards about its own centre line ; it is supported in two bearings, one at the 
extreme end fixed to the side wall, and the other is supported by a bracket, 
which projects out from beneath the lower box, t, of the nossels, and is fastened 
by three bolts, to ears which project out from the lower part of that box to 
receive the screws. The inclined levera M6 and u 17 are fitted freely 
upon a cylindrical part of the axis 3, close to each side of the latter bearing. 
To open the valves, two short levers 22, 23 are fixed fast upon the axis 
3, close at the sides of the loose inclined levers f 16 and u 17 ; the ends of 
the short levers are like hooks or claws, which turn sideways over the 
upper ends, t and v, of the loose levers, in such manner that when, by the 
reciprocating motion of the axis 3, either of the claws 22 or 23 is depressed 
below a certain position, the hooked part of that claw will press upon that 
lever f or v which belongs to it, and will force that lever down, so as to 
lift up and open one pair of valves by the connexion of the rods and 
levera 11, 20, and 10, 19, or 12, 21, and 18, 18. That pair of valves which 
is thus opened will be kept open, until the claw 22 or 23 returns, and lets 
them down again by their own weight, aided by that of the loaded lever 4 
or 15 ; but when the valves are shut, the hook at the end of the claw 22 or 
23 rises up, and quits the lever t or u, which then remains stationary 
without following the claw. The working gear is so adjusted, that the 
instant after one of the claws 22 or 23 has allowed one pair of valves to 
close themselves, and is beginning to quit its inclined lever t or u, the 
opposite claw 22 or 23 will come in contact with the other inclined 
lever, and will be^in to open the other pair of valves ; for the two levera 
t and M being inclined in opi)osite directions, they are acted npon alter- 
nately by the two claws 22 and 23 ; one pair of valves being opened 
when they move backwards, and the other pair when they move for- 
wards ; but one pair of valves is always closed before the other is opened. 
When the en«rine is properly at work the axis 3, 3 is moved continually 
backwards and forwards by the connexion of its lever 8 with the rod 2 
of the excentric : but by lifiinp; up the end piece of that rod, it can be 
disentraged from the joint pin at tlie end of the lever 8, because the con- 
nection is only made by a notch in the under side of the rod which fits 



over ^he joint pin of the lever 8, so as to cause the lever to partake of the 
motion which is given to the rod, by the ring of the excentric, so long as 
the end rod rests by its weight upon that joint pin, but if the end rod is 
raised up, its notch will quit the joint pin of the lever 8, and leave that 
lever at liberty ; in which case the weights 4 or 15 will instantly close that 
pair of valves, which may be open, unless they are held open by pressing 
down the handles r and s by the hand. The end piece of the rod 2 can be 
lifted up by a lever 23, and screw 24; this lever moves about a fixed 
centre at the upper end of an iron standard, which rises up from the top 
of the condenser ; one end of the lever 23 extends beneath the extremity 
of the end piece of the rod 2, and the other end is jointed to a vertical rod 
24, the upper end of which is a screw, and is received in a nut fitted into 
a small bracket, which projects out from the side-pipe g. The nut has a 
handle by which it can be turned round, in order to depress the screw, 
and raise the other end of the lever, so as to lift up the extremity of the 
rod which is jointed to the end of the rod 2, and thus disengage that rod 
from the joint pin of the lever 8. The lever 8 is made double, to receive 
the rod in the interval between its two sides, and when the extremity is 
borne up by the lever 23, the rod can move freely backwards and for- 
wards within the double lever 8, without communicating any motion to 
it The cylinder, with its piston, cover, and bottom, and its steam case 
are the same as in Mr. Watt's former engines. The steam case is put 
together round the cylinder in six pieces, joined together by small screw- 
bolts ; there are three segments to form the circle, and two sets of such 
segments in height ; one set is fastened by a flange at top, to the underside 
of the flange round the top of the cylinder, and the other set is fastened in 
a similar manner to the lower flange of the cylinder. The flange of the 
bottom of the cylinder, and that of the base or false bottom beneath it, 
which is to contain steam to keep up the heat are all united by the same 
bolts which fasten the steam-case by passing through all the four flanges. 
The large bolts which fasten the cylinder cover, pass through the upper 
flange of the steam-case, and as many smaller bolts are inserted in the 
spaces between the other large bolts, they pass through the flanges of the 
steam-case and of the cylinder, their heads being counteraunk into the 
upper surface of the flange of the cylinder, and the nuts beneath. The 
lower set of segments of the steam-case are enlarged at their upper edges, 
to form a circular socket fur the reception of the lower edges of the upper 
set of segments, and the joint is made tight by ramming in hemp with 
tallow ; this joint allows the steam-case to acconunodate itself to the effect 
of the expansion or contraction of the cylinder by the heat. The cover 
of the cyhnder is hollow within, to prevent the transmission of heat 
In larger engines the hollow space is filled with steam by a small pipe 
of communication iVom the steam-case. The false bottom beneath the 
cylinder is supplied from the steam-case in the same manner. The steam- 
case is supplied with steam by a small branch from the steam-pipe with a 
regulating cock ; and there is also a syplion pipe, proceeding from the 
lowest part of the steam-case, to drain away the water which condenses 
therein. The condensing apparatus within the cistern G is the same as in all 
Mr. Watt's engines. The lower end of the eduction pipe g is joined by a 
socket joint to the top of the condenser. The foot valve is in the passage 
between the bottom of the condenser and the bottom of the air-pump; and 
the discharge valve, from the top of the air-pump, is within the hot well. 
The blow-valve to discharge the air from the condenser is fitted at the end 
of a small pipe, which passes through the side of the condensing cistern G, 
and the blow-valve is covered with water contained in a small cistern, fixed 
on the outside of the large cistern G. The condensing cistern is made of 
wood ; but in most of these engines, when the cistern has become decayed, 
it has been renewed by a cast iron cistern. The injection is admitted 
into the condenser through a small sluice-valve, the openingof which is 
regulated by turning the nut of a screw formed on the upper end of 
an upright rod j, which rises up from that valve. The nut has a handle 
to turn it round, and is supported in the same bracket as the nut of 
the screw 24 fur disengaging the working gear. The sluice- valve is 
a square brass plate, the flat surface of which is fitted against a cor- 
responding plate fastened to the outside of the condenser, and having an 
oblong aperture through it, to admit the water whenever the sluice- valve 
is drayn up so high by its screwy", as to uncover a part of the hole; if the 
sluice IS screwed quite down, it covere and stops the hole entirely. The 
sluice-valve is retained in its place against the fixed perforated plate by 
ledges, which are fastened to the latter at each side, so as to form a groove 
which includes the edges of the valve. The aperture is I J inches wide, by 
3 inches high ; and when the engine is working properly, the sluice is 
commonly drawn up, so as to open IJ inches high, making an aperture of 
1{ square inches for 36 horse power, for an engine of 31 inch cylinder, and 
6 feet stroke. The foundations upon which the engine is fixed are built ot 
solid masonry ; a thick wall, X, extends across the house, to form the pier 
for the cylinder ; another wall extends nearly across the house, beneath the 
centre of the great lever; and from this a wall proceeds to the end of the 
house, to sustain the bearing for the neck of the main axis of the crank. 
A horizontal passage, called the tunnel, is left beneath these foundations to 
give access to the lower ends of the foundation bolts, by which the diflVr- 
ent parts are held down. The tunnel extends beneath all the length of the 
building, and it has cross branches to pass beneath the bearings for the 
main axes. The passage is large enough for a man to pass conveniently 
through it.*' This mgenious kind of valve apparatus has since been nearly su- 
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peneded by the slide ralve, an invention that also emanated iVom Soho, and 
which is now the almost universal expedient for governing the flow of steam 
to and from the cylinder. Of the slide valve Sicre are several varieties, 
but the most common kind, is that which assumes the form of a half 
cylinder ; and which is called the D valve, from the shape of its cross 
section. The eccentric is now adopted almost universally for moving the 
▼alves of rotative engines : Mr. Murdoch was the author of this elegant 
expedient. 

** In summing np Mr. Watt's character as a mechanical inventor," says 
Mr.Farey, **he will be found to occupy the same supereminent station 
among that class as the illustrious Newton held among philosophers of a 
higher order.'* The comparison is, we think, a just one, but scarcely suf- 
ficiently illustrative, as it only repeats to the imagination an almost identical 
image, and we prefer, therefore^ to represent Watt as the Shakspeare of 
mschanical science, for he owes his greatness to the same high gilis which 
distinguished the prince of poetry. There is no power for which Watt 
was more remarkable than an inexhaustible fertilitv of invention, and in- 
vention is the poetry of science, for it springs out of an action of mind 
more nearly akin to poetic ideality than logical demonstration. Like his 
great poetical progenitor the untaught mechanist could soar without elTort 
to the giddiest heights of fancy and conjure up wilder visions and more 
fantastic combinations than those even who seek to catch the popular wonder 
by the eccentricity of their si>eculations, and, like him too, he could, without 
pausing in his course, come down from these airy summits to the most 
volgar details of ordinary life, and become as practical and worldly as the 
soberest of those who never knew a throb of enthusiasm, and whom nothing 
could seduce out of the beaten track of a passionless exywrience : but the 
opposite elements were so happily blended in his composition, and his high 
qualities sat upon him so gracefully, that the most speculative could find 
no objection against him for want of boldness or ingenuity, nor the most 
timorous for want of steadiness or circumspection : and he walked abroad 
in the world of mechanical creation, and selected from its stores the ma- 
terials best adapted to his combinations — ever able to produce new where 
none suitable already existed, but with a thrift like that of nature declining 
to exercise any greater power than was demanded by the exigencies of the 
occasion. There was no vain passion for novelty, and no design upon the 
popular admiration in any one of Watt's innovations : he adhered to the 
existing forms of mechanism so long as it was possible to retain them con- 
sistently with the due developemcnt of the great principles of improvement 
he had marked out, and there are no traces to be found throughout his 
selection of new devices, of that obliquity of judgment which arises in 
weaker minds fh)m a partiality for their own creations. Men of genius, 
Mr. Farey says, have usually an undue partiality for their own ideas — a 
sort of parental affection which does not allow them to make fair selection 
from their joint stock of acquired and created ideas. We suspect, however, 
that this partiality arises from too little genius rather than too much, for 
there cannot be much partiality felt for ideas which spring up spontaneously 
in the mind in a rapid and rich luxuriance, and it is only in sterile ima- 
ginations that every straggling conception can be thought precious. It 
is not the fisict, therefore, that judgment and invention are antagonistic 
faculties ; but when the imagination is active, and new combinations can 
be formed with ease, the judgment is left unimpeded by the fondness 
men acquire for their own devices when they are the produce of many a 
throe. 

But whatever theory may be formed on this subject it is at least certain 
that the greatest masters of invention have been the least transported with 
the splendour of their own genius, and have been but little disposed to 
exaggerate the importance of their creations. Shakspeare, after having 
written his immortal dramas in the brief space of his early manhood, 
retired into the obscurity of a provincial town, apparently without the 
consciousness of having done any thing uncommon ; and so easy did all his 
tasks appear to Watt, and so readily did his imagination suggest to him the 
most ingenious and profound explanations, that it is hard to reconcile the 
notion of difficulty with the spectacle of so much facility, and it becomes 
necessary to compare him with others before we can form a true conception 
of his merits. To what an exaltation, for example, does he not rise by a 
comparison with Snieaton ! — certainly, next to Watt, the greatest mecha- 
nical genius of his time, and one that has not been excelled by any which 
hss appeared since that epoch. He began his improvements upon the 
steam engine about the same time as Watt, and he accomplished all, per- 
haps, that could be expected of a patient and technical mind ; but the genius 
of Watt ascended fVom the narrow circuit of actual experience into the 
bright fields of imagination, and drew from thence the inspiration that 
directed its subsequent achievements. Smeaton was able to improve, but 
Vttt was able also to crtate ; and as he had never received any practical 
^tniniog, his mind was free from the fetters of authority, and the fire of his 
insgination, unquenched by the chilling dogmas of a sect Aluch of his 
nccm is, we think, due to the unsettled condition of his early life, which 
permitted and demanded a wider range of thought than if its exercise 
bad been restricted to a single occupation ; and the condition of an humble 
utizm was much better adiapted for the developemcnt of his genius than 
the ease of academic shades, or the vanities of scholastic disci pline. Had Watt 
been bom in the atmosphere of Oxford, he would have subsided, in all pro- 
bibility, into an expounder of the metres of Pindar ; or had his imagination 
bees brolLen in the schools, he would have sunk, in all likelihood, into a 



mere professor of engineering. It is from the race of artizans that genius 
is chiefly recruited, for the imaginations of the illiterate can at least have 
fair play, and their spirits are not quelled by the presence of those idols of 
perfection, before which the learned bow down in adoration. Homer, So- 
crates, Shakspeare, Bums, Watt, and almost all great original spirits, have 
sprung from the condition of humble life, and the splendour of their genius 
is due in a great measure to that happy accident, for they had thus no prece- 
dent c(mstantly before their eyes, within the boundary of which they had to 
restrain their inspirations, but followed nature without wavering through all 
her varied aspects, and without suffering any idol to interpose between them 
and that great light, of which their own glorj- is the reflection. 

It ought to be needless to guard this language against the supposition 
that we hold all learning to be useless, or that science can be of no value 
to the operative engineer ; but it is the tendency of such an attainment, we 
fear, to lead to a neglect of more serious qualifications, and to quench that 
fire of the imagination in which all invention has its origin. There will 
be fewer errors committed, no doubt, as mankind become more learned ; but 
there will also be less originality' and adventure ; and although dulness may 
be rais d to a higher proficiency, we fear that genius will fail to achieve 
such mighty advauces, and will experience greater difficulty in reaching 
its natural exaltation. It is the tendencv, indeed, of all education to redress 
the unequal dispensations of nature, and while raising up the feeble to cast 
down the strong and the a^spirinpr. The hot-beds of a college may produce 
abundant crops of mediocre engineers ; but such men as Brindley, Rennie, 
Telford, and Watt, are not forced into greatness by fictitious heats, but 
gather titrength from the vicissitudes of that rugged region where genius 
spoutaueously unfolds its robust glories, and the practical capacity indi- 
genous to the soil, while cherished by the sunshine, is invigorated by the 
storm. One cause of Watt's greatness as an engineer is traceable to the 
fact, that he was not an engineer merely ; and this is made so clear by Lord 
Jeffrey's sketch of the character of Watt, that we shall here introduce his 
exquisite delineation: — 

" Independently of his great attainments in mechanics, Mr. Watt was an 
extraordinary, and in some respects a wonderful n\an. Perhaps no indi- 
vidual in his age possessed so much and such varied infomiation, had read 
so much, or remembered what he read so accurately and well. He had 
infinite quickness of apprehension, a prodigious memory, and a certain 
rectifying and methodising power of understanding, which extracted some- 
thing precious out of all that was presented to it His stores of miscel- 
laneous knowledge were immense; and yet less astonishing than the 
command he had at all times over them. It seemed as if every subject that 
was casually started in conversation with him had been that which he had 
been last occupied in studying and exhausting : such was the copiousness, 
the precision, and the admirable clearness of the information which he 
poured out upon it without effort or hesitation. Nor was Uiis promptitude 
and compass of knowledge conflned in any degree to the studies connected 
with his ordinary pursuits. That he should have been minutely and ex- 
tensively skilled in chemistry and the arts, and in most of the branches of 
physical science, might perhaps have been conjectured ; but it could not 
have been inferred from his usual occupations, and probably is not gene- 
rally known, that he was curiously learned in many branches of antiquity 
metaphysics, medicine, and etymology, and perfectly at home in all the 
details of architecture, music, and law. He was well acquainted, too, with 
most of the modem languages, and familiar with their most recent literature. 
Nor was it at all extraordinary to hear the great mechanician and engineer 
detailing and expounding for hours together the metaphysical theories of the 
German logicians, or criticising the measures or the matter of German poetry.* 
It was this promiscuous occupation of the mind, and the energy of imagination 
which flows from such an exercise, which raised Watt so high above all com- 
petitors in the career of mechanical improvement; so that during the interval 
employed by Smeaton in working out a few insignificant improvements, he 
brought to maturity those miracles of inventive power, which have earned the 
world's admiration, and which the experience and ingenuity of mankind, for 
the best part of a century, have vainly endeavoured to transcend. In some of 
the engines indeed, latterly constructed in Cornwall and other places, which 
work with high-pressure steam expansively, a greater measure of economy 
in fuel has been attained than Watt ever realized ; but that result is not due 
to the discovery of any new method of operation, but arises merely from 
the larger application of the great principles Watt marked out than in his 
time would have consorted with the prejudices of the public. No one 
knew better than Watt did, that a most inii)ortant economy was to be gained 
by carrying the principle of expansion to a higher pitch, and using steam 
of a higher elasticity than he had yet dared to employ ; but he knew as 
well that the use of steam of a high pressure was not unattended with danger 
in those days of mechanical iuexp<.'rience, and he would not risk an accident 
for the sake of adding to his gains, or heighteuing the popular astonishment. 
However far we may proceed in the path of steam improvement, we shall find 
unequivocal traces of ^Vatt having lK»en there before ; and the conceptions 
which start up in our minds, and which at first sicht we believe to be ori- 
ginal and imi)ortant, we shall find on inquiry to have previously suggested 
themselves to his imagination. The fact appears to be that the track of 
knowledge chosen by him has been so thoroughly explored, that he has left 
nothing for his successors to discover ; and we do not at present see how 
any material improvement can now take place in steam-engines except by the 
introduction of new powers of nature, which the progress of discovery may 
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nfveal. The machine may, perhaps, be thrown into rtill more commodious 
forms, and greater niceties of workmanship may be lavished upon its con- 
struction ; but every thing is to be got by Wutt^s principle of action, that 
mere fire and water can give, and the next step of improvement must be 
the employment of cheaper agencies. And though the present steam-engine 
may pass away as it no doubt will, and cease to have any existence, ex- 
cept in the page of history. Watt's glory will suffer no obscuration, but 
in the lapse of years must rise to a wider and brighter effulgence. 
However excellent or extraordinary the new mechanism may be, it will, we 
believe we may predict, rather be compounded of the ideas of a multitude 
of minds, than be the product of a single master spirit ; and ages must 
elapse before another such example of mtellectual strength as Watt pre- 
sented can be given to the world, or before nature can be expected to 
recruit the power necessary to so marvellous a creation. 

But it is not merely the invention of all that is admirable in the structure 
of the modem steam-engine that gives Watt a claim upon the world*s admi- 
ration. Nearly all the great inventions of the age have had their origin or 
practical developement at Soho, among which we may enumerate gas light- 
mg, bleaching by chlorine, warming apartments by steam, coining money 
so as to obviate forgery, the copying press, and many other devices. Lord 
Stanhope*s printing press, again, is a manifest copy of the system of com- 
pound levers, contrived by Mr. Watt, for opening the valves of his engines 
with a small exertion of force, and the machinery with which Fulton ac- 
complished navigation by steam was constructed at Soho, and realised the 
desired result by the excellence of its performance. In some of these 
developemeuts, it is true. Watt was not the only person concerned, and 
Mr. Boulton and Mr. Murdoch must be mentioned with great honour, as 
much was due to their ingenuity ; yet these lesser lights were but the satel- 
lites of a system of which he was the central sun, and gave out merely the 
lustre tbey had derived from the effulgence of hitt genius. It cannot now 
be ascertained with any precision how far the various admirable contrivances 
of Murdoch are due to specific communications with Mr. Watt, or what pro- 
portion of their excellence they owe to his supervision or suggestion, but it 
was the light and heat of the master-mind that gave fertility to the disciple's 
imagination, and tliat fell upon his spirit like fire from heaven. In the 
domain of unapplied science, Watt is known for his discovery of the com- 
position of water, — in which he was independent of Cavendish, — for the de- 
termination of the bulk of a given weight of steam at different temperatures, 
and for numerous aids that he lent to pneumatical inquiry ; while his direct 
achievements in the various departments of the arts, stupendous as they are, 
are less in amount than those which he has indirectly accomplished. The new 
methods of construction he introduced, and the new resources of art he 
opened up. have extended, from the manufacture of steam-engines, over 
the whole face of mechanical industry, and in an inconceivably short time 
have regenerated arts that had been stationary for ages. The improved 
mill-gearing, for example, of modem time^, the sui>erior cranes, fire-en^nes. 
and other mechanisms, Uie construction of iron ships, and the application of 
iron to a thousand purposes for which it ^was before unthought of, fh)m 
having cheapened the production of the material and facilitated the resources 
of its workmanship, — these, and a thousand other mighty changes, have 
flowed from Watt's innovations, for thej/ first reconciled great strength with 
great accuracy of workmanship, and set in striking opposition the barbarous 
expedients of most of the other arts with the refinements he had invented. 

Of Watt's personal character we are unable, fh)m our own knowledge, to 
say anything, as he had passed from this sublunary scene before our day ; 
but he appears to have won the reverential affection of every one who 
approached him, and every engineer even now looks upon him as a father. 
A more remarkable proof, however, of his goodness, is to be found in the 
nndying affection of his son, to whom, throughout a long life, he was the 
object of fervent adoration. Never before was there such an example of 
filial love. The worship of his father's memory, and the vindication of his 
father's fame, has been the sole aim and purpose of the son's being — -an ab- 
sorbing passion, which none but a generous nature could feel, and nothing bat 
perfection inspire. — Upon this subject, however, we happen also to have the 
testimony of Lord Jeffrey, which we cannot do better than here transcribe :— 

" It is needless to say, that, with those vast resources, his conversation 
was at all times rich and instructive in no ordinary degree : but it was, if 
possible, still more pleasing than wise, and had all the charms of familiarity, 
with all the substantial treasures of knowledge. No man could be more 
social in his spirit, less assuming or fastidious in his manners, or more kind 
and indulgent towards all who approached him. He rather liked to talk — 
at least in his latter years : but though he took a considerable share of the 
conversation, he rarely suggested the topics on which it was to turn, but 
readily and quietly took up whatever was presented by those around him ; 
and astonished the idle and barren propounders of an ordinary theme, by 
the treasures which he drew from the mine they had unconsciously opened. 
He generally seemed, indeed, to have no choice or predilection for one 
subject of discourse rather than another ; but allowed his mind like a great 
cyclopaxlia to be opened at any letter his associates might chose to turn 
up, and only endeavoured to select, from his inexhaustible stores, what 
might be best adapted to the taste of his present hearers. As to their 
capacity he gave himself no trouble ; and, indeed, such was his singular 
talent for making all things plain, clear, and intelligible, that scarcely any 
one could be awnre of such a deficiency in his presence. His talk, too, 
though overflowing with information, had no resemblance to lecturing or 



solemn discoursing, but on the contrary, was full of colloquial spirit and 
pleasantry. He had a certain quiet and grave humour, which ran through 
most of his conversation, and a vein of temperate jocularity, which gave 
infinite sest and effect to the condensed and inexhaustible information 
which formed its main staple and characteristic There was a little air of 
affected testiness, too, and a tone of pretended rebuke and contradiction, 
with which he used to address his younger friends, that was always felt by 
them as an endearing mark of his kindness and familiarity, — and prised 
accordingly, far beyond all the solemn compliments that ever proceeded 
from the lips of authority. His voice was deep and powerful, — Uiongh he 
commonly spoke in a low and somewhat monotonous tone, which harmonised 
admirably with the weight and brevity of his observations ; and set off to 
the greatest advantage the pleasant anecdotes, which he delivered with the 
same grave brow, and the same calm smile playing soberly on his lips. 
There was nothing of effort indeed, or impatience, any more than of pride 
or levity, in his demeanour ; and there was a finer expression of reposing 
strength and mild self-possession in his manner, than we ever recollect to 
have met with in any other person. He had in his character the utmost 
abhorrence for all sorts of forwardness, parade, and pretension *, and, indeed, 
never failed to put all such impostures out of countenance, by the manly 
plainness and honest intrepidity of his language and deportment. 

^ In his temper and dispositions he was not only kind and affectionate, but 
generous and considerate of the feelings of all around him ; and gave the 
most liberal assistance and encouragement to all young persons who showed 
any indications of talent, or appli^ to him for patronage or advice. His 
h«dth, which was delicate from his youth upwards, seemed to become 
firmer as he advanced in years, and he preserved up almost to the last 
moment of his existence, not only the fuU command of his extraordinary 
intellect, but all the alacrity of spirit, and the social gaiety which had 
illumined his happiest days. His friends in this part of the country never 
saw him more full of intellectual vigour and colloquial animation, — never 
more delightful or more instructive, —than in his last visit to Scotland in 
autumn 18 17. Indeed, it was after that time that he applied himself, with 
all the ardour of early life, to the invention of a machine for mechanically 
copying all sorts of sculpture and statuary; — and distributed among his 
friends some of his earliest performances, as the productions of * a young 
artist, just entering on his eighty-third year ! ' " 

But we must here close these preliminary remarks, which have drawn 
out to a greater length than we expected, and which, we fear, have provoked 
the inipatience of the more empirical portion of our readers. We shall 
have little occasion, however, to repent of our discursiveness, if we succeed 
in any degree in animating the artisans of this great empire to a course of 
useful acquisition by the influence of Watt's example, or in touching their 
spirits with a ray from the um of his genius. The same path by which he 
won immortality is open also to them, and although few may be endowed 
with the high gifts by which he was distinguished, yet there is no one who^ 
by energy and perseverance, and by only giving nature fair play, may not rise 
to a higher eminence than he had dared to hope for even in his own secret 
contemplations. One condition, however, of his success is, that he must not 
suffer his mind to become technical, and if an engineer, he must be content to 
believe that there are other things in the world worthy of his attention besides 
cast-iron and steam pressure. He must not coop up his imagination within 
the narrow limits of a craft, but suffer it to roam over creation in its endless 
fields of beauty ; and must cherish a love for nature and for human nature— 
and hold communion with the spirits of glorious aspect and attractive grace 
that people the world of fbncy, and survey the enchantments wrought by ge- 
nius in every field of enterprise — yielding his affection not only to Uiose high 
Tirtues which dignify humanity, but to those " humbler charities that soothe 
and bless" like flowers scattered upon the desert It is only by thus giving 
flill scope to his imagination, and cultivating aU his capacities, that his mind 
can preserve its just proportions, or grow to any loftiness of stature. And 
without imagination there can be no Invention, for the imagination is the 
great discovering power, and can only flourish where there is abundant room 
given for its exercise. To some of our readers we believe it will appear 
Uiat all excursions of the fancy must be unavailing, and that science or 
experience should be their guiding star ; but we would warn them against 
this error, and would give them the example of Watt in confirmation of 
our hypothesis, who certainly owed his superiority to something nearly akin 
to poetic inspiration. Facts, of course, there must be deriv^ both firom 
science and ftx>m experience, for these are the materials with which the 
imagination works ; but facts of themselves are a mere caput morfinm, that 
encumber as much as they enrich their possessor, and it is only when touched 
by the fire of the imagination, that they spring into life and fruitfulness. 
Upon some minds, however, that have not read their lesson aright the ex- 
ample of Watt's greatness has operated rather as a discouragement than a 
provocative to exertion, for they have been smitten with awe by the majesty 
of his genius; and their enterprise has been repressed by the contemplation 
of such hopeless perfection. Their spirits have been overshadowed by his 
greatness, like the puny saplings that pine beneath the shade of some ma- 
jestic tree ; and their energies have never been invigorated by difficulty, nor 
by the storms and sunshine of the intellectual world. We therefore find very 
little of novelty to have originated among well-educated engineers, but 
almost all great innovations have been the work of some less reverential 
spirit ; and whoever aspires to the work of invention must go himidf to the 
fountain of human thought and feeling, and suffer the shadow of no mind 
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to eome between him and nature. And if the field in which Watt la- 
boured be exhausted, if his ingenuity has made further improvement upon 
the present steam-engine in any material point hopeless so long as fire re- 
mains the impelling power, there are innumerable other fields of enter- 
prise^ yet untrodden to reward the industry of fiiture generations. The 
nsouroes of electricity and magnetism, of thermo-electricity and of hidden 
powers of nature perhaps, yet to be revealed, present a boundless pros- 
pect to the exercise of human ingenuity. These we commend to the 
attent i o n of oor readers and more particularly to the order of working 
men ; for as it is by the ingenuity of the artisan class that the steam-engine 
hM been iHtrag ht to its present maturity it is to that class the public looks 
with expectation for its sapercession by something better. 



xscRunoiX DEFixxnoirs. 



Before entering upon the explanation of those elementary principles of 
mechanics and chemistry, which it is necessary to comprehend befors 
much progress can be made in the study of the steam-engine, we shall set down 
a few useful tables which we should require to give somewhere, and which 
will be more convenient for reference if collected here, than if scattered 
throughout the volume. The first that we give relates to the elafftictty 
of steam at different temperatures — a compilation for which we are in- 
debted to the interesting work by Mr. J. Scott Russell, on steam and steam 
navigation* 
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The following Table will save a TBSt deal of trouble in computing the 
area of pistons, safety-valves, &c. ; and we believe requires very little 
apology for its introduction. 

TABLE OF THE AREAS, ETC. OF CIRCLES. 
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36-128 
36-913 



95 033 

99-402 

103-869 

108-434 



37-699 


113-097 


38-484 


117-859 


39-270 


122-718 


40-055 


127-676 



8:8620 
9-0836 
9-3051 
9-5267 



9-7482 
9-9698 
10191 
10-413 



10-634 
■ 10-856 
I 11 077 
I 1 1 -299 



40-840 
41-626 , 
42-411 
43197 



132-732 
137-886 
143-139 
148-489 



1 1 -520 
1 1 -742 
11-963 
12185 



17 in. 



18 in. 



19 in. 
H 



2 in. 



21 in. 



/4 



22 in. 

% 



23 in. 






24 in. 



25 in. 

hi 
hi 
% 



26 in. 

hi 
hi 
% 



27 in. 

H 
M 
% 




43-982 I 153-938 
44-767 150-485 
45 553 !lC5l:iO 
46-338 '170 873 



12-406 
12-628 
12-850 
13 071 



47-124 1176-715 
47-909 !l82 654 
48-694 188-692 

49-480 1194 828 

I 



13 293 
13-514 
13-736 
13-957 



28 in. 






29 in. 



30 in. 
hi 



Clrcum. 



50 265 
51-051 
51-836 
52-621 



Area. 



201-062 
207-394 
213-825 
220-353 



Side of 

equal 

Square^ 



14-179 
14-400 
14-622 
14-843 



53-407 
54-192 
54-978 
55-763 



226 980 
233-705 
240-528 
247-450 



15065 
15-286 
15-508 
15-730 



56-548 
57-334 
58-119 
58-905 



254-469 
261-587 
268-803 
276117 



15-951 
16-173 
16-394 
16-616 



59-690 
60-475 
61-261 
62-046 



62-832 
63-617 
64-402 
65-188 



283-529 16-837 
291-039 17-060 
298-648 '17-280 
306-355 17-502 



65-793 
66-759 
67-544 
68-329 



314*160 
322-063 
330-064 
338-163 

346-361 
354-657 
363-051 
371-543 



17-724 
17-945 
18-167 
18-388 



18-610 
18-831 
19-053 
19-274 



69115 380-133 

69-900 388-822 

70-686 '397-608 

71-471 '406-493 120161 



19-496 
19-718 
19-939 



I 



72-25f) 
73-042 
73 827 
74-613 

75-398 
76183 
76-969 
77-754 



'415-476 120-382 
424-557 '20-604 
433-731 j 20-825 
443-014 '21-047 



78-540 
79-325 
80110 
80-896 



452-390 
461-864 
471-436 
481 106 

490-875 
500-741 
510-706 
.'520-769 



21-268 
21-490 
21-712 
21-933 



22-155 
22 376 
22-598 
22-819 



81-681 
82-467 
83-2.52 
84-037 



84 823 

85 608 
86-394 
87-179 



530-930 
541-189 
I 551 -547 

'562-002 

I 

, I 

1572-556 

|. 583 -208 

593-958 

604-807 



123 041 

23-062 

123-484 

123-708 



23-927 
24149 
24-370 
24-592 



87-964 1615-753 
88-750 j 626-798 
89-535 ; 637-941 
90-321 1649-182 



24 813 
25-035 
25-256 

25 478 



91-106 
91-891 
92-677 
93-462 



94-248 
95-033 
95-818 
96-604 



660-521 


25-699 


671-958 


25-921 


683-494 


26-143 


695-128 


26-364 


706-860 


26-586 


718-690 ; 26-807 


730-618 


27-029 


742-644 


27-250 



TABLE OF THE AREAS, ETC. OP CIRCLES.— conftiwcei 



Dia. 


Circum. 


Area. 


Side of 

equAl 

Square. 


Dia. 


Circum. 


Area. 


Side of 

equal 

Square. 


31 in, 
hi 


97-389 
98-175 
98-968 
99-745 


754-769 
766-992 
779-313 
791-732 


27-472 
27-693 
27-915 
28-136 

28-358 
28-580 
28-801 
29-0-23 


51 in. 

hi 


160-221 
161-792 


2042-82 
2083-07 


45-196 
45^39 


52 in. 

hi 


163-363 
164-934 


2123-72 


46-082 


32 in. 
hi 

hi 


100-531 
101-316 
102-102 
102-887 


804-249 
816-865 
829-578 
842-390 


M 1 Orfr iO vu «/««/ I 


53 in. 
hi 


166-504 
168-075 


220618 
2248 01 


46-968 
47-411 


54 in. 


169-646 
171-217 


2290-22 
2332-83 


47-854 
48-298 


33 in. 

hi 
hi 


103-672 
104-458 
105-243 
106-029 


855-30 
868 30 
881-41 
894-61 


29-244 
29-466 
29-687 
29-909 


55 in. 


172 788 
174-358 


2375-83 
•2419-22 


48-741 
49-184 


34 in. 

!< 

hi 


106-814 
107-599 
108-385 
109-170 


907-92 
921-32 
934 82 
948-41 


30-131 
30-352 
30-574 
30-795 


56 in. 
hi 


175-929 
177-500 


2463-01 
2507-19 


49-627 
50-070 


57 in. 


179-071 
180-642 


2551-76 
2596-72 


50-513 
50-956 


35 in. 

hi 
% 


109-956 
110-741 
111-526 
112-312 


96211 
975-90 
989*80 
1003-7 


31-017 
31-238 
31-460 
31-681 


58 in. 
^A 


182-212 
183-783 


2642*08 
2687-83 


51-399 
51-842 


59 in. 

hi 


185-354 
186-925 


2733-97 
2780-51 


52-285 
52-729 


36 in. 

hi 

hi 
% 


113-097 
113-883 
114-668 
115-453 


1017-87 
1032-06 
1046-39 
1060-73 


31-903 
32-124 
32-346 
32-567 


60 in. 

hi 


188-496 
189-066 


2827-44 
2874-76 


53-172 
53-615 


37 in. 

hi 

hi 


116-239 
117-024 
117-810 
118-595 


1075-21 
1089-79 
1104-46 
1119-24 


32-789 
33-011 
33 232 
33-454 


61 in. 

hi 


191-637 
193-208 


2922-47 
2970-57 


54-048 
54-501 


62 in 


194-779 
196-350 


3019-07 
3067.96 


54-944 
55-387 


38 in. 

hi 
% 
% 


119-380 
120-166 
120-951 
121-737 


1134-11 
1149-08 
116415 
1179-32 


33-675 
33-897 
34-118 
34-340 


63 in. 

hi 


197-920 
199-491 


3117-25 
3166-92 


55-830 
56-273 


64 in. 


201-062 
202-633 


3216-99 
3267-46 


56-716 
57-159 


39 in. 
hi 


122-522 
123-307 
124-093 
124-878 


1194-59 
1209-95 
1225-42 

1240-98 


34-561 
34-783 
35-005 
35-226 


65 in. 

hi 


204-204 
205-774 


3318-31 
3369-56 


57-603 
58-046 


40 in. 

hi 


125-664 
127 234 


12.56-64 
1288-25 


35-448 
35 891 


66 in. 


207-345 
208-916 


3421-20 
3473-23 


58-489 
58-932 


41 in. 


128-805 
130-376 


1320-25 
1352-65 


36 334 
36-777 


67 in. 

hi 


210-487 
212-058 


3525-66 
3578-47 


59-375 
59-818 


42 in. 


131-947 
133-518 


1385-44 
1418-62 


37 220 
37-663 


68 in. 

'A 


213-628 
215199 


3631-68 
3685-29 


60-261 
60-704 


43 in. 


135-088 1452-20 
136-659 1486-17 


38 106 
38-549 


69 in. 
14 


216-770 
218-341 


3739-28 
3793-67 


61-147 
61-591 


44 in. 


138-230 
139-801 


1520 53 
1555-28 


38-993 
39-436 


70 in. 

hi 


219-912 
221-482 


3848-46 
3903-63 


62-034 
62-477 


45 in. 


141-372 
142-942 


1590-43 
1625-97 


39-879 
40-322 


71 in. 
^A 


223-053 
224-624 

-226-195 
227-766 


3959-20 
4015-16 


62-920 
63-363 


46 in. 


144-513 
146-084 


1661-90 
1698-23 


40-765 
41-208 


72 in. 
hi 


4071-51 
41-28-25 


63-806 
64-249 


47 in. 


147-655 1734-94 
149 226 1772-05 


41-651 
42 094 


73 in. 

hi 


2-29-336 
230-907 


4185-39 
4242-92 


64-692 
65-135 


48 in. 


150-796 
152-367 


1809-56 
1847-45 


1 

42-537 
42-980 


74 in. 

^A 


232-478 1 4300-85 
234-049 435916 


65-578 
66-022 


49 in. 


153-938 
155-509 


1885-74 
1924-42 


43-423 

43-867 


75 in. 

^A 


235-620 
237-190 


4417-87 
4476-97 


66-465 
66-908 


50 in. 


157 080 
158-650 


1963-50 
2200-96 


44-310 
44-753 


76 in. 


238-761 
240 332 


4536-47 
4596 35 


67-351 
67-794 












■ 
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TABLE OF THE AREAS, ETC. OF CIRCLES - c«m<tnMed 



ou. 


CI mini. 


Area. 


Side of 

equal 

Square. 


Dia. 


Clrcum. 


Area. 


Side of 

equal 

Square. 


77111. 


241-903 
243-474 


4656-63 
4717-30 


68-237 
68-680 


89 in. 


279-602 
281-173 


6221 139 
6291-236 


78-874 
79.317 


78 in. 


245-044 
246-615 


4778-37 
4839-83 


69-123 
69-566 


90 in. 


282-743 

284-314 


6361-725 
6432-607 


79*760 
80*204 


79 in. 


248-186 
249-757 


4901-68 
4963-92 


70-009 
70-453 


91 in. 


285-885 
287-456 


6503*882 
6575-550 


80*647 
81 090 


80 in. 


251*328 
252-898 


5026-56 
5089-58 


70-896 
71-339 


92 in. 


289-027 
290-597 


6647-610 
6720-063 


81*533 
81*976 


81 in. 


254-469 
256-040 


5153-00 
5216-82 


71-782 
72-225 


^3 in. 


292-168 
293-739 


6792-909 
6866-147 


82*419 
82*862 


8Sin. 


257-611 
259*182 


5281-02 
5345-62 


72-668 
73111 


94 in. 


295-310 
296-881 


6939-778 
7013-802 


83*305 
83*748 


83 in. 


260-752 
262-323 


5410*62 
6476-00 


73-554 
73-997 


95 in. 


298*451 
300-022 


7088-218 
7163-028 

7238*229 
7313-824 


84-192 
84-635 

85-078 
85-521 


84 in. 


263-894 
265*465 


5541*78 
5607 95 


74-440 
74-884 


96 in. 


301-593 
303-164 


85 in. 


267-036 

268 -eoe 


5674-61 
5741-47 


75-327 
75-770 


97 in. 


304-734 
306-306 


7389-811 
7466-191 


85-964 
86-407 


86 in. 


270-177 
271-748 


5808*81 
6876*55 


76-213 
76-656 


98 in. 


307-876 
309-447 


7542-964 
7620-129 


86 850 
87-293 


87 in. 


273-319 
274-890 


5944-69 
6013-21 


77 099 
77-542 


99 in. 


311-018 
312-588 


7697-687 
7775-638 


87-736 
88-180 


88 in. 


276-460 
278-031 


6082*13 
6151-44 


77-985 
78-428 


100 in. 


314*159 


7854-982 


88-623 



TABLE OF THE EXPANSION OF AIB BT HEAT. 



Fahren. 

32 1000 

33 1002 

34 1004 

85 1007 

86 1009 

87 1012 

88 1015 

89 1018 

40 1021 

41 1023 

42 1025 

43 ...... 1027 

44 1030 

45 1032 

46 1034 

47 1036 

48 1038 

49 1040 

50 1043 

51 1045 

52 -.... 1047 

53 1050 

54 1052 

55 1055 

56 1057 

57 1059 

58 1062 

59 1064 

60 1066 



Fahren. 

61 1069 

62 1071 

63 1073 

64 1075 

65 1077 

66 1030 

67 1080 

68 1034 

69 1087 

70 1089 

71 1091 

72 1093 

73 1095 

74 1097 

75 1099 

76 1101 

77 1104 

78 1106 

79 1108 

80 1110 

81 1112 

82 1114 

83 1116 

84 1118 

85 1121 

86 1123 

87 1125 

88 1128 

89 1130 



Fahren. 

90 1132 

91 1134 

92 1136 

93 •.» •• 1138 

94 1140 

95 1142 

96 1144 

97 1146 

98 1148 

99 1150 

100 1152 

110 1173 

120 1194 

130 1215 

140 1235 

150 1255 

160 1275 

170 1295 

180 1315 

190 1334 

200 1364 

210 1372 

212 ....T. 1376 

302 1558 

392 1739 

482 1919 

572 2098 

680 2312 



The ate of hjperbolio lop;urithms is indispensable to the computation of 
the ezaet power of an engine working expansively ; and as tables of such 
logaritfam* are nrely in the possession of practical men, we here give such 
§iAamarUDieaii m wiU sniBoe for the uses of the engineer. 



TABLE OF HTPBBBOLIC LOQABITHM8. 



Numb. 


Hyp. LoK. 


Namb. 

r 


Hyp.i^. 


1 Namb. 


|Hjp.La«. 


Numb. 


Hyp. L«c. 


Numb. 


H7P.L«. 


1-05 


.049 


1 305 


1-115 


5*05 


1-619 


7-05 


1-953 


9^05 


2-203 


1-1 


•095 


' 3-1 

1 


1-131 


51 


r629 


7.1 


1-960 


9.1 


2*208 


1-15 


•140 


3-15 


M47 


515 


1-639 


7.15 


1-967 


916 


2-214 


1-2 ' 


•182 


3^2 


MC3 


6-2 


1-649 


7.2 


1*974 


9.2 


2-219 


1-25 


'2-23 


3-25 


1-179 


5-25 


1-658 


7-25 


1-981 


9^25 


2-225 


1-3 


-262 


3-3 


1-194 


5-3 


1.668 


7.3 


1-988 


9-3 


2-230 


1-35 


-300 


3-35 


1-209 


5-35 


1-677 


7-35 


1*995 


9-35 


2^235 


1-4 


•336 


3-4 


1-224 


5-4 


1*686 


7-4 


2*001 


9-4 


2^241 


1-45 


•372 


3-45 


1-238 


5-45 


1*096 


7-45 


2*008 


9-45 


2-246 


1-5 


•405 


3-5 
3-55 


1-253 


,5-5 


1-705 


7-5 


2*015 


9-5 


2-261 


1-55 


•438 


1*267 '5*55 


1-714 


7-55 


2-022 


9-55 


2-257 


1.6 


•470 1 


3-6 


1*281 


5-6 


1-723 i 


7-6 


2-028 


9-6 


2-262 


1-65 


•500 


3-65 


1*295 


5*65 


1.732 


7*65 


2-035 


9-65 


2-267 


1-7 


•531 


3-7 


1*308 


5-7 


1-740 


7*7 


2.041 


9-7 


2-272 


1-75 


•560 


3-75 


1*322 


5-75 


1-749 


7-75 


2-048 


9-76 


2-277 


1-8 


•588 


3-8 


^335 


5-8 


1-758 !7-8 


2-054 


9-8 


2-282 


1-85 


•615 


3*85 


1-348 


5-85 


l-76ft '7-85 


2-061 


9-85 


2-287 


1-9 


•642 


3-9 


1-361 


5-9 


1-775 


7-9 


2-067 


9-9 


2-293 


1*95 


•C68 


3-95 


1-374 5-95 


1-^83 


|7-95 


2-073 


9-95 


2-298 


20 


•693 


4-0 


1-386 


|6-0 

L 


1-792 


18-0 


2-079 


10- 


2-303 


205 


•718 


4-05 


1-399 !6-05 


1-800 '8-05 


2-086 


15 


2-708 


21 


•742 


4-1 


1-411 


6-1 


1-808 


8-1 


2-092 


20 


2-996 


2*15 


.765 


4-15 


1-423 


!6*15 


1-816 


8-15 


2-098 


25 


3.219 


2*2 


•788 


4-2 


1-435 


'6*2 


1-824 


8-2 


2-104 


30 


3-401 


2*25 


•811 


4-25 


1-447 


6*25 


1*833 


8-25 


2-110 


35 


3-555 


2*3 


•833 


4-3 


1-459 


6*3 


1*841 


8-3 


2-116 


40 


3-689 


2-35 


•854 


4-35 


r470 


6*35 


1-848 


8-35 


2122 


45 


3-807 


2-4 


-875 


4-4 


1482 


6*4 


1-856 


8-4 


2-128 


50 


3.912 


2-45 


.896 


4-45 


1^493 


6*45 


1-864 


8-45 


2134 


55 


4.007 


2.5 
2-55 


•916 


4-5 


r504 


6-5 


r872 


8-5 


2-140 


60 


4-094 


-936 


4-55 


1^515 


6-55 


1-879 


8-55 


2-146 


65 


4-174 


2-6 


-956 


4-6 


1-526 


6-6 


r887 


8-6 


2-162 


70 


4-248 


2-65 


-975 


4-65 


1-537 


.6-65 


1*895 


8-65 


2-158 


75 


4-317 


2-7 


•993 


4-7 


1-548 


6-7 


1.902 


8-7 


2-163 


80 


4-382 


2-75 


1-012 


4-75 


1-558 


6-75 


1*910 


8-75 


2-169 


85 


4-443 


2-8 


1^030 


4-8 


1-569 


6-8 


1*917 


8-8 


2-175 


90 


4-500 


2-85 


1-047 


4-85 


1-579 


6*85 


1*924 


8-85 


2^180 


95 


4-554 


29 


1-065 


4-9 


1-589 


6-9 


1*931 


8-9 


2^186 


100 


4-605 


2-95 


1-082 


4-95 


1-599 


-956 


1*939 


8-95 


2^192 


1000 


6-908 


3-0 


1-099 


5-0 


1-609 


7.0 


1-946 


9-0 


2^197 


10,000 


9-210 

1 



8TBENGTH OF MATERIALS. 

The chief materials, of which it is necessary to record the strength in a 
treatise on the steam engine, are cast and malleable iron ; and many expe- 
riments have been made at different times upon each of these substances, 
though not with any very close correspondence. Professor Barlow has 
made a large number of experiments upon iron of all kinds, and the follow- 
ing b a summary of them : — 



Materials. 


c 


S 


B 


M 


Iron, cast j[^"^: I [ 

Malleable - - 

Wire . - - - 


163001 
36000 J 
60000 
80000 


8100 
9000 


69120000 
91440000 


5530000 
6770000 



The first column of figures, marked C, contains the mean strength of 
cohesion on an inch section of the material ; the second, marked S, the 
constant for transverse strains; the third, marked £, the constant for 
deflections ; and the fourth, marked M, the modulus of elasticity. The 
introduction of the hot blast iron brought with it the impression that it 
was less strong than that previously in use, and the experiments which had 
previously been confided in as giving results near enough the truth, for all 
practical purposes, were no longer considered to be applicable to the new 
state of things. New experiments were therefore deemed necessary, and 
public spirit^ persons were not wanting to answer the call ; but of all 
these later trials the results obtained by Mr. Fairbaim and Mr. Eaton 
Hodgkinson of Manchester appear to be the most entitled to confidence, 
as great care and labour were spent upon those experiments, and we know 
them to have been conducted by skilftil persons. The following table 
has been furnished to us by Mr. Fairbaim, and gives, we have no doubt, 
results as nearly correct as can be required or attained : — 



M Sirtmgtk ofMaterialt. 

BESULTB OF EXPEBIHENTS ON THE 8TBEN0TH AND OTHER FROPEBTIES OF CAST IBOS, FBOH THE PRINCIPAL 
laON WORKS IN THE UNITED KINGDOM, BT W. FAIEBAIBN. 



In the foUowing Table Mch Tmt ii reduced to eucil; one inch iqiure j ud tl>e traniTene Krength, which may be taken tu s criterioo of the wloe <rf 
each Iron, U obuined from ■ mean between the Experimenla opon it, given in the Memoir* j — first on ha™ 4 ft 6 in. between the TOpporti [ and next 
on (hoM of half the length, or 3 ft. 3 in. between the tuppoita. AU the other retain are deduced from the 4 ft. t in. bat*. In aU caua the weighu 
were laid on the middle of the bar. 
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1 


Ponkey, No. 3. Cold Blast - 




7.122 


17211000 


567 


595 


581 1 


747 


993 


Whitish grey 


Hard. 


a 


Deror, No. 3. Hot Blaif - 








aa473650 


S37 




537 1 


09 


589 


White . . 


Hsrd. 


3 


Oldberrj, No, 3. Hoi Blast - 






3IW 


82733400 


543 


517 






549 


White - - 


Hard. 




Oarron, No. 3. Hot Blast • - 






0.S8 


17S73I0O 


520 












Hard. 




Beaufort, No. 3. Hot Bluat - 






069 


16808000 


605 




617 1 


599 




Dollish grey . 


Hard. 




Bullerley 






038 






515 


502 1 


815 


889 


Dark grey - 


Soft 


7 


Bute. No. 1, Cold Blast 










495 


487 


491 1 


764 


872 


Bluish grey - 
Darkgr^y - 
Grey . 


Soft 


B 


Wind Mill End, No. i. Cold Blast 






071 


16490000 


483 


495 


489 1 


581 


765 


Hard. 


9 


Old Park, Na 2. Cold BiuE ■ 






04!l 


14607000 








621 


718 


Soft. 




Beaufort, No. 2. Hot Blast - 






108 


16301000 


478 


470 


474 1 




728 


DuUgrey - 


Hard. 


a 


IX.W Jloor. Ho. 2. Cold Blast - 






05.1 


14509500 




483 


478 1 


853 


865 


Dark grey - 


Soft 


IB 


Buffery. No. 1. Cold Blast • - 






079 








463 1 


55 


721 


Grey'*-'' - 


Rather hard. 


13 


BrLmbo, No. S. Cold Blast - 








14911666 


46S 


453 


459 I 


748 


815 


Light grey - 


Bather hard 


14 


Apcdale, No. 2. Hot Blast - 








14852000 


457 


455 


45S 1 




791 


Light irey . 


ms. 


IS 


Oldberry. No. 3. Cold Blast - 






0S9 


14307500 


453 






811 


828 


D^k^/ . 


Rfttherioft. 


16 


Pentwyn. No. 2, - 






038 


15193000 




473 


455 1 


464 




Bluish griy . 


Hard. 


IT 


Maeiteg, No. 2. - 






038 


13959500 




455 


454 1 


957 


8B6 


Dark grey - 
Bright grey - 


Rather soft. 


18 


Miiirkirk, No. 1. Cold Blast • 
Adelpbi, W 2. Cold Blaii - - 






113 


I40O36S0 


443 


464 


453 1 


734 


770 


Fluid. 


19 








13815BO0 




457 


449 1 


759 


777 


Li^htgrey'. 
Bnghl grey - 


Soft. 


SO 


Itlania, Na 3. Cold Blast • 






1S9 


14281466 


433 






726 


747 


Herd. 


ai 


DeYon.No. a. ColdBlaM* . - 






8S.<S 


82907700 


44S 




448 


790 


358 


Light B?e". 


Hard. 


33 


GartsLerrie, Wo. 3. Hot Blast 






017 


13894000 


427 


467 


447 1 


6S7 


99S 


Light grey - 


Son. 


S3 


Frood. No. a. Cold Blast - 






031 


I31ia666 


460 




447 1 






Light grey - 
Dnrk grey - 
Grey - 


■SS: 


34 


Lane End, No. 8. - 






038 


15787666 








414 


629 


as 


Camn, No. 3. Cold Blast* - 






094 


16246966 




443 


443 1 


336 


593 


Soft. 


88 


DundjTBD, No. 3. Cold Blast 






087 


16534000 


456 


430 


443 1 


469 


674 


Dull grey - 


Ralliersoft. 


87 


Mae«t*g (Marked Bed) 








13971500 


440 


444 


442 1 


687 


S30 


Bluish grey - 


Fluid. 


88 


Corbyns Hall, No. 8. - . - 








1384586S 


430 


454 


443 1 


887 


737 


Grey . - 


Soft. 


SB 


Pontypool. No. S. ... 






080 


13136500 


439 










Dull blue - 


Bather soft. 


30 


Wallbrook. No. 3. ... 






979 


IS3947G6 








443 


625 


Light grey - 


Rather hard. 


31 


Miltoft, No. 3. Hot Blast - 






051 


1.^852500 


427 


449 


43S 1 


368 




Grey - 


Bather batd. 




Buffery. No. 1. Hot Blast* - 








13730500 


436 




436 1 


64 


731 


Dull grey - 


Soft. 




Urel. No. 1. Hot Blut 








15452500 


461 


403 


433 1 


516 


699 


Light grey . 


Soft. 


34 


Pant. No. a. .... 






975 


15280900 


408 


455 


431 1 




511 


Light grey - 


lUtberhard. 


3S 


Level, No. 8. Hot Blast 






031 


15241000 


419 






358 






Soft. 




W. S. S., No. a. 






041 


149533.W 






4^9 1 


339 






Soft. 




Eagle Foundry, No. 8. Hot Blast - 






038 




408 


446 


427 1 


512 


618 


BiSishVfy : 


Boft. 


38 


Elsicar, Na 8. Cold Blast - 






928 


1258 6 50D 


446 


408 


427 a 


224 


993 


Grey - . 


Soft. 


39 


Varteg, No. 2. Hot Blast . 






OOJ 


1.W12000 


4a2 


430 


42G 1 


450 


621 


Grey - 
Whitish grey 
Grey - 


Haid. 


40 


Collham. No. 1. Hot Blast - 






188 


15510066 




385 


484 1 






Bather soft. 




Carroll, No. 8. Cold Blast - 






069 


1-036000 












Hard. 




Mnirkirk, No. 1. Hot Blast' 






963 


13294400 








570 


656 


Bluish grey . 


Soft. 




Bierley, No. 8- - 






185 


16156133 


404 


433 


418 1 


222 


494 


Dark grey - 
Bright grej - 
Gn-y - 
Bluish grey - 


Soft. 


44 


Coed-Talon. No. 2. Hot Blast • - 








14382500 


409 


424 


416 1 


882 


771 


Soft. 


45 


Coed-Talon, No. a. ColdDlast* - 








14304000 


408 


418 


413 1 




6O0 


Rather soft. 


46 


Monkland, No. 2. Hot Blast . 






916 


12259500 


408 




403 1 


762 


709 


Soft. 


47 


Ley-. Work^ No. I. Hot Blast . 






957 


11539333 


392 










Bluish gray - 
Grey - 


Soft. 


48 


Milton, No. 1. Hot Blast - 






976 


11974500 








525 




Soft and fluid. 


« 


Plaskynaaion. No. a. Hot Blast - 






916 




378 


337 


357 1 


366 


517 


Liglitgrey - 


Rather soft. 



The iroDi viih aiteriika sre takpn from the Experiments on KnI and Cold Blast Iron, made by Mr. Fairhaini and Ur. Hodgkinion for the 
Aisocistion for the Adiim^cment of Sfienee. — See Seventh Report, Volume VL 
t ThemoduluaofelMticitywainMallytakenfttHttthedeflectJoncanaedby llalhfconlhe4fL6in. bar*. 

RULE. 
To ItDd from the above table the breaking weight in rectangular bars, generally. Calling hvoid the breadth and depth in bches, and / the di 



For example : Whit weight would be necessary to bredc a bar of Low Moor Iron, 
Acootding to the rule given above, we hftve 6-8 inches, d— 3 iDchea,I-S feet, 5-473 ihnn the Table. Then 
the bretkiog weight. 



iDches broad, 3 inebes deep, and S feel between tiM npportsS 
.^'"^^ - 6878 lb*. . 



:bes deep, ai 



Meekanieal Definitutnt. 



lv«dUh bar in>i 
do. 



Engliih 
Cut mm) - 
Blut«red do. 
Sbnrda - 
Wroogtit copper 
HardgimmKal 

CMt COJ^KT 

Yellow brut, cut 
CaMinm 
■Hmc-t 
Bumuih, cut - 
Leid.cut 

Elutic poTcr or direct tenuon of wrought iron, 
medium qoaliij - . . . 



133,15a 
137,633 
33,89a 
36,368 
19,07! 
17,968 
17,6a8 
4,736 



UscHunci i« B idence which tre&ts in genenl of the action of bodia on 
one ■DOther, u re^vdi tbeir motion*, their forcei, and tb^ Telocitie*. 8} 
tbeUw* ofmechuiicswcBrettiighthowlomoTeagiveD weight with a giTca 
power, and bow to eontri*B enpoe* to raiae great loads and perform motkona 
howerer com plicated. 

Boify ia the mam or qnaotity of matter contained in mj material gnb- 
ttince, and it is alwaji taken as being proportional to the weight or gravity, 
whaterer the fignre of the bod; may be. Bod; ptMieuea bulk or volume, which 
aignifiea the apace that is occupied by it : tbii eUmeat mual therefore be 
determined by combining the three dimenaioni of length, breadth and depth. 
Wei^t or gnvity ii thai property in a body by which il endeavoura to (all 
downwaida and gain the lowest place ; it is called absolute gravity when 
the body deacenda in tnt ipaca, and relative gravity when it di'sccnda in 
a flaid. Specific gravity li the proportion or rdatioa of the weights of dif- 
ferent bodies of eqaal magnitDdes, bulks or volume, and is therefore propor- 
tional to the densit* of the bodiea. Density is the proponioosl weight or 
qnanlity of matter m abodyi so that in two cubes or globes of equal bulk 
or magnitnde, if the one weigh one oooce, pound or cwt. and ihe other two 
ounces, poimda or ewts., the density of the latter will be double that of the 
farmer ; and if it weighs three ounces, &c., ita density will be triple, and 
M on. Rarity is the revena of density, and is generally understood b; 
refctring to (he space which is occupied by a given weight of auy aeriform 
tnbstanee : thus we say that air is B30 times rarer than water, because an 
onocc or a pound of air occupies 830 times the space that ia occupied by an 
ounce or a poond of water. 

Bodiet are either hard, soft, or elastic, and they are also either solid or 
flaid. A bard body is that which retains its figure unaltered under every 
I ill niMlanH . refusing to yield to any force whatever. A soft body is that 
whieli admits ila form to be altered, its parts yielding to the least stroke or 
impiusion, the body retaining any form that is given to it An elastic 
body ia that whoae part* yield to any stroke or impression, however iilighl, 
but which instantly restore themselves when the disturbing agency 
■a rmoved. A soHd body is that whose parts are not easily moved 
mmoDg themselves, and which retain* any form that is given to it. A 
fluid body is that whose parts yield to the slightest impression, being easily 
nuned among themaelvea in every direction, and the snr&ce when in a atate 
<d yutseenee i* alwaya observed to coincide with a smooth horizontal 



Hie masaea or quantities of matter in all bodies are In the componod 
ratio of their magnitudes and detuities', that is, Ihe nusses are pro- 
portianal to the magnitudes multiplied by the densities. This is 
obvioo* firom the definitions, for in bodies of equal magnitudes (he quanlilies 
of matter are proportional to the dcositiea ; but if (he denaities are the same, 
the maasca are proportional to (he magnitudes ; thai ia, a double magnilude 
canlains a double quantity of matter, a triple magnitude a triple quantily. 
and BO on ; consequently, the quantities of matter are in the ratio com- 
pounded of the magnitiideB and densities. In similar bodiea Ihe maues or 
quantities of matter, are proportional to (he denaitie* and cubes or third 
powera of the diameter* ; that is, the ijnantitie* are proportional to the den- 
aitie* multiplied by the cubes of the diameters, for the magnitudes of bodies 
an as Ihe cubes ol their diameters, or the cubes of (heir like linear dimen- 
tioos- The quantities of matter in all bodies, are in the compound ratio of 
tbe magnitude* and specific gravities ; that i*, the qoantities of matter are 
proportumal to the magnitudes of the bodies multiplied by the specific 
levities, the densities ud specific gravities being proportional. From tbe 
principles here slated we deduce the following particulars in regard to the 



The quantity of matter in bodies ia proportional to (hu magnilndea mul- 
tiplied by the denaitie* or specific gnvities, or Ihe quantity of matter is pro- 
piHtional to the cube of the diameter multiplied bj the denaily or specific 
gravity. The magnitude of a body is proportional to the quantity of mat- 
ter which it contains divided by (he density or specific gravity, or the 
magnitude is proportional to the cube of the diameter, or the cube of any 
linear dimension. The density of a body ia proportional to the quantity at 
natter divided by the magnitude, or it i* proportional to the speciflo 
gravity. From these few particular* we obtain the solutions of the falknring 
questions in reference to the properties of matter. 

EiA>PLE. Let (he magnitudes of two bodies be 356 and 108 cubic inches 
respectiTely. and their densities or specific gravities as S to 3 i it is required 
to determine (he proportional quantities of matter in the (wo bodies. The 
method of resolving this example is perfectly manifest fhim what precedes, 
for we have staled that the quantities of matter are proportiooal to tha 
lultiplied by Ihe densitiea, hence it is 

256x3 : 108 k3::1 : ,^/-.-0'6338. 



bodies are to each other as I la 



so that the quantities of msttei 
0'6338 very nearly. 

To vary the question, let it be proposed to determine the proportional 
magnitudes of the two bodies, their proportional densities being a* S to 3, 
and the quantities of matter as I to 0-6328, or as 1 to Af We have staled 
above, that the magnitudes of bodies are prapartional to the quantity of 
matter divided by ^e density ; hence we have 

1 .2:^38.., . j,.^j,g ^^ jj^iy 

Consequently the proportinual magnitudes are asl to 0-4319 ceariy, or 
aecutately as 61 to 17 ; it therefore follows, that if one magnitude be given 
the other can readily be found ; thus, fur instance, if the greater magnitude 
be 356 cubic inche^ the lester will be 108 cubic inches, for 64 : 37 :: S56 



OEHEKAL I.AWS OI MOTION OHD FOBCBS. 

Jtfaftm ii a continual and succesnve change of place : if the body move* 
equally, it is called tguaUe or noiform motion ; but if Ihe motion increase* 
or decreases, it t* called aeceUraled orretanltd molion, and, when it is com- 
pared with some other body at rest, it ia called (duoliile molittt, hut when 
compared with other bodies in motion, it is called rrlalivt mohon. The 
direction of motion is the way Ihe body tends or (he line in which it moves, 
and the gunRf ii^ of mofio* is the molion a body has when considered with 
regard to the quantity of matter and velocity conjointly. This if also 
c^ed the noiiinitiBi or Mechanical effect, 

Vdocitji is an affection of motion by which a body is carried over a cer- 
tain space in ■ certain time, and is greater or less, aceording as the body it 
carried over a greater or less apace in a certain specified time, as a second 
or a minute. The measure of velocity is Ihe space or distance through 
which a body moves nnifbnnly in a determinaU portion of time ; thos we 
say the piston of a steam-engine (ravels with a velocity of 320 foet per 
minute, and a cannon ball with tbe velocity of 1600 feet per second. The 
variations which we have attributed (o motion are peculiar also to velocity, 
but they need not be repeated. 

Font ia a power exerted on a body to put it in motion or to atop itwhen. 
it is in motion, and it admits of two varieties ; namely, permanent, and 
impulsive or percussive forces. A permanent force la that which acta 
constantly with the lame intensity, snch as pressure or the foree of gravity. 
But if it act instanloneously, or but for an imperceptibly short space of 
time, il is known by the name of impolae or percussion. Forces are also 
distinguished into motive and accelerating or retarding forces. A motive 
or moving force ia the power of an agent to produce motion, whether it be 
by pressure or by impacl, snd it is equal or proportional (o Ihe momenlum 
which il generates in the moving body. Au acceleraling or retarding 
force ia generally understood to be that which influences or affects (he 
velocity only, or it is that by which the velocity ia increased or decreased, 



and it IS always equal or proportional to the motive force directly, and ti 
tbe mass or body moved inversely; tbatis.il is either equal or proportional 
to the motive force divided by the weight of Ihe body moved. 

In addition to the above definitions, there are several axioms or first 
principles on which Sir Isaac Newton founded the doctrine of mechanical 
science, and by which he was led through a train of beautifol but recondito 
inquiry to Ihe discovery of those simple and immutable laws that were 
eatabliihed for the government of the universe. Tbe axioms or laws of 
motion alluded to are as follows. 

AxtoK or Law 1. AR bodia ndtamur to perutm ia or maintaiH l/itir 
pretail iiUitt, Khilhtr A^ be at ml or mocing TmiJomJy ta a itraiohl liar; 
ami rt lAal tiali ihq/for ever amtmve, unha they are contpeBed to aOtr it bg 
the aclion of tome eitrantimt force. This is the law of inertite. 

AxiOK or Law a. Tht change or alteration of moiim produced bg the 



law of perturbation. 

Axio> or Law 3. Tta actioii and reaclMnt that taht place hettcten my 
fiM hodiet are alKafi equal and in conlrary dirtctionti that is, by aetion 
and reaction equal changes of motion are produced in bodies acting m 
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Mechanical Principles, 



each other, and these changes take place in contrary directions. This is 
the law of action and reaction, or the law of reciprocal inflaences. And 
iVom these axioms or laws, in combination with the preceding definitions. 
Sir Isaac Newton deduces the following theory of motion and forces, which 
is now imiyersally received. 

The momentum or quantity of motion generated by any momentary or 
impulsire force is directly proportional to the force that generates it 
What is here stated is perceived almost intuitively, for every effect is 
proportional to its adequate cause ; so that a double force will produce a 
double momentum or quantity of motion, and a quadruple force will pro- 
duce a quadruple momentum, and so on ; that is, the motion communicated 
is always proportional to the communicating force. When bodies are put 
in motion by the action of any force, the momenta or quantities of motion 
generated therein are directly proportional to the masses or quantities of 
matter multiplied by the velocities. This is evident, for if the velocities 
are equal, the momenta are proportional to the masses, a double mass 
impinging with a double force, a triple mass with a triple force, and so on. 
And in like manner, when the masses are the same, a double velocity 
requires a double force to produce it, and a triple velocity a triple force ; or, 
in other words, the velocity is proportional to the motive force. But as we 
have stated above, the momentum or quantity of motion is proportional to 
the force that produces it ; and, consequently, when the mass is the same, 
the momentum is proportional to the velocity ; therefore, when neither the 
mass nor velocity is the same, the momentum is proportional to their 
product 

When the motions are uniform, the spaces or distances described or 
passed over by the moving bodies are directly proportional to the velocities 
multiplied by the times of their description. In uniform motions, the 
time occupied by the motion is proportional to the space described divided 
by the velocity. But when the velocity is constant the space is pro- 
portional to the time, and when the space is given, the time is inversely as 
the velocity ; that is, a greater velocity requires less time to carry it over 
the same space. Again, in uniform motions, the velocity is proportional 
to the space divided by the time ; hence it follows, that when the time is 
constant, the velocity is proportional to the space described, and when the 
space is constant the velocity is inversely as the time of description. 

By attentively considering the principles just enunciated, it will readily 
be perceived that the following general analogies may be deduced firom 
them, and by means of these analogies may be resolved all the questions 
that can arise in reference to uniform motions, and to the dfects of 
momentary or impulsive forces. 

1. The momentum or quantity of motion is directly proportional to the 
generating forc«. 

2. The momentum is directly proportional to the body or quantity of 
matter moved, multiplied by the velocity. 

3. The space passed over in any time is, directiy proportional to the 
time multiplied by the velocity. 

These general theorems, concise as they are, embody a vast fund of 
useful information in regard to mechanical science, and in order to render 
their application as clear and intelligible as possible, we shall resolve a few 
questions by way of illustration. 

Example 1. Suppose that one body contains 25 times the matter that 
another body contains, and let the lesser body move 1000 times faster than 
the greater body ; what will be tbe relation or proportion of their momenta? 

Here it will be instantly perceived, that the solution of the question 
depends on the second of the general analogies given above, for in that the 
data and incognito of the question are involved ; the proportional quantities 
of matter and proportional velocities are given, and the proportional 
momenta required ; the process indicated is therefore as follows, viz. : As 
the greater body multiplied into its velocity, is to the lesser body multiplied 
into its velocity, so is the momentum of the greater body, to that of the 
lesser body. 

25x1 : 1 xiooo::i : 40. 

It therefore appears that the lesser body must move with a force 40 
times greater than the greater body, or, in other words, the momenta are 
as 1 to 40. 

Example 2. Suppose a body of 20 lbs. weight to be impelled by such a 
fbrce as will carry it through a space of 100 feet in one second of time, 
with what velocity would a body of 8 lbs. weight move if it were urged by 
the same force ? 

In this example we are to consider the momentum as being the same in 
both bodies, in which case, that term in the second analogy will be denoted 
by unity, and the velocity will then be inversely as the body or quantity of 
matter ; hence we have 8 : 20 : : 100 : 250 ; so that the velocity of the lesser 
body to produce the same effect as the greater miist be 250 feet per second. 

Example 3. Suppose one body to move 40 times fiister than another, 
but the swifter body has been in motion only one minute, whereas the 
slower body has been in motion two hours ; what is the ratio of the spaces 
described by the two bodies, and what is tbe space described by the slower 
body, supposing that described by the swifter to be 220 feet ? 

Here we have given the proportional velocities and the proportional 
times to find the proportional spaces ; the solution of the question will 
therefore be found by the third general analogy, since that includes the 
terms of velocity, time, and space. The process indicated by the analogy 
is as follows, vi2. : As the greater velocity multiplied by its time, is to the 



lesser velocity multiplied by its time, so is the space passed over by tbe 
swifter body, to the space passed over by the slower. 

Here the velocities are as 40 to 1 and the times as 120 to 1, there being 
120 minutes in two hours ; the ratio of the spaces must therefore be as 
40 X 1 to 1 X 120, or as 1 to 3 ; that is, the space passed over by the swifter 
motion is to that passed over by the slower as 1 to 3 ; but the space 
passed over by the swifter body in one minute is 220 feet consequentiy the 
space passed over by the slower body in two hours is 660 feet 

Example 4. If one body moves with 5 timeA the velocity of another 
body, and by so doing passes over 10 miles for the other's one ; what is the 
ratio of the times that the bodies have been in motion ? 

This question is also resolved by the third general analogy, where tbe 
time is proportional to the space divided by the velocity : thus we have 
^ : ), or the times are as 2 to 1 ; that is, the swifter body has been in 
motion twice as long as the slower body. In this way may any other 
question respecting uniform motions be resolved, so that the reader will 
see how important it is to possess a knowledge of the principles contained 
in the above general propositions or analogies. We now proceed to the 
consideration of constant and uniform forces. 

general laws of constant fobces. 

The quantity of motion^ or the tnomentum generated by a constant and 
uniform force acting for any time, is proportional to the force multiplied 
by the time. For let us conceive the time to be divided into a great 
number of indefinitely small elementary parts, then will the momentum 
generated in each part be the same, and consequentiy the whole momentum 
will be proportional to the whole time of acting, or to the sum of the 
indefinitely small elementary parts into which it is supposed to be divided. 
But the momentum for each small portion of time is proportional to the 
force that produces it; and consequently the whole momentum is pro- 
portional to the force and time of acting. Hence it follows conversely, 
that the quantity of motion or the momentum lost or destroyed in any time, 
is also proportional to the force and time of acting ; this is evident for 
whatever momentum or quantity of motion is generated by a given force 
in a given time, the same momentum or quantity of motion will be destroyed 
in the same time by an equal and opposite force. Consequently, when any 
constant and uniform force acts for a given time, the velocity generated or 
destroyed in that time is proportional to the force multiplied by the time 
and divided by the body or quantity of matter put in motion. 

When bodies are urged by constant and uniform forces acting for given 
times, the spaces passed through during those times are proportional to the 
forces multiplied by the squares of the times and divided by the mass or 
quantity of matter ; or the spaces are proportional to the squares of the 
times when the forces and bodies are given. But when the force and 
quantity of matter are given, the space is proportional to the time multiplied 
by the velocity, for the space actually passed through is equal to half the 
time of description multiplied by tiie velocity : consequently, the space 
that is actually described by a constant and uniform force in any given 
time is just half what would be described with the acquired velocity con- 
tinued uniformly during that time. Tbe space described in any given time 
by a constant and uniform force acting during that time is proportional to 
the square of the velocity. This is evident for the velocity is proportional 
to thA time ; and we have shown that when the force and quantity of matter 
are constant, the space is proportional to the square of the time, and con- 
sequently proportional to the square of the velocity, for the velocity is pro- 
portional to the time. 

From the principles here specified in reference to constant forces, com- 
bined with those in the foregoing class in regard to motion, we are enabled 
to deduce rules for resolving all questions relating to motions uniformly 
accelerated ; but in order to render the references more distinct we here 
collect the principles on which all the processes of computation depend ; 
and it is only for the reader to select that which is appropriate to the 
solution of the question in hand. The general principles that involve the 
doctrine of uniform and constant forces are as follows. 

1. The momentum or quantity of motion is proportional to the body or 
mass multiplied by the velocity. 

2. The momentum or quantity of motion is proportional to the force 
multiplied by the time of acting. 

3. The space described is proportional to the time multiplied by the 
velocity, 

4. The velocity is proportional to the force multiplied by the time and 
divided by the body or mass. 

These are the general analogies which exhibit the combinations of data 
sufficient to resolve all the ordinary questions, respecting accelerated 
motion. They do, however, in certain cases, require modifications to suit 
thein for the purpose in hand : but as it is contrary to our plan to pursue 
the several steps of transposition, substitution, &c., we leave that to be 
performed by the operator ; it is, however, presumed that the cases in which 
it will be necessary are very few. The following are the terms that enter 
the general analogies : — 

1 The Ixx/i/j mass, or quantity of matter^ moved. 

2. The motive force or agent by which it is put in motion. 

3. The ^W the motive force or agent continues to act 

4. The velocity generated during tiie time of action. 
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5. The tpaet described by the body during the cime the force acts. 

6. The wtamentMm or quantity of motion generated at the end of the time. 
With these elements and the four analogies above specified can every 

particiilar respecting constant and uniform forces be ascertained. 

LAWS or FALLIMO BODIES. 

Before we proceed to illustrate the application of the foregoing principles 
and analogies by the resolution of particular numerical examples, it becomes 
necessary to say a few words on the laws of gravity, or that force by 
which bodies descending in free space have a tendency to approach the 
earth in right lines directed to its centre. This force is general, and 
pervades all nature ; it is also uniform, and constantly of the same intensity 
at all places near the earth^s surface, or at equal distances from its central 
point: consequently, bodies descend towards the earth by a force that 
acts constantly and equally, and hence it follows that all the theorems and 
proportions that we have given aboye for constant or uniform forces are 
eqoally true with respect to the motions of bodies descending by the power 
of gravity, or the kw of accelerated motion in falling bodies. 
Galilbo was the first who directed the attention of philosophers to the 
existence of a gravitating power in bodies, but it was reserved for Sir 
Isaac Newton to detect the laws of its operation and to demonstrate its 
nniyenality. By the labours of Newton we are put in possession of the 
Utitf that, by the force of gravity, all bodies, whether light or heavy, fall 
perpendicularly through equal spaces in equal times, supposing the motions 
to be made in vacua Thus, for instance, a piece of gold or a little 
gossamer will fall from the top to the bottom of an exhausted receiver in 
the very same space of time, and so will a piece of lead and a feather, the 
relative weights of bodies having no influence whatever in facilitating the 
descents in free space, the difference of motion that we observe to take 
place in bodies failing through the air being occasioned solely by the 
resistance which they meet with fh)m that fluid in their descent. Such, 
then, is the nature of gravity ; and it has been found by numerous very 
delicate and accnrate experiments that the velocities acquired by bodies in 
descending freely by their own weight are directly proportional to the times 
of descent ; that is, a body will acquire twice the velocity in falling two 
seconds that it will acquire in one second, and in three seconds the velocity 
will be triple what it is in the first. Another and a very important law of 
falling bodies discovered by experiment is, that the spaces described or 
fallen through in any time are directly proportional to the sqiuires of the 
tiroes of descent ; but the velocities are as the times, consequently the 
spaces described are directly proportional to the squares of the velocities : 
it therefore follows that the weights, or gravities of bodies are proportional 
to the quantities of matter which they contain, and that the spaces, times, 
and velocities have to each other the relations that we have attributed 
to constant or uniform forces in the foregoing general theorems and 
analogies. 

If a heavy body be thrown directly upwards, with the same velocity 
wluch it acquires m'fidling from a given height, it will lose all its motion 
in the same interval of time that it occupied in descending to acquire the 
yelocity of projection, and it will ascend to precisely the same height from 
which It fell to acquire the said velocity. It will moreover describe equal 
spaces in equal times both in falling and rising, but in a reverse order ; and 
it will have equal velocities at any particular point in the line of direction, 
whether the motion be upwards or downwards. This is obvious, for the 
aame active force will generate or destroy the same quantity of motion in 
the same interval of time. In ascending above the surface of the earth 
the force of its attraction diminishes as the distance fh>m the centre in- 
creases, and the law of diminution is inversely as the square of the distance 
from the central point, so that if a body were carried to a height equal to 
balf the diameter of the earth above its surface, it will only be attracted 
with one fourth of the force with which it is attracted at the surface ; thus 
bodies in ascending lose part of their weight In like manner, the force of 
attraction in bodies situated within the earth or beneath its surface dimi- 
nishes as the distance fh)m the centre diminishes, so that the force of 
attraction or gravitation is directly proportional to the distance from the 
central point ; hence it follows, that a body situated midway between the 
centre and surface, will gravitate with only half the force ; it therefore 
appears that the force of attraction or gravitation is a maximum at the 
surface. It is also found by experiment that the force of attraction is 
slightly different at different parts of the earth's surface, being greatest at 
the poles and least at the equator : this arises Arom two causes, viz., from 
the spheroidal figure of the earth, and from the centriiiigal force arising 
from its rotation on its axis : but in all places to which we have access, 
and for all practical purposes, the effects of these causes may be wholly 
overlooked, and the action of gravity may be considered uniform, and con- 
stantly the same, as we have already stated it to be at the opening of this 
discussion. 

The force or intensity of gravity in the latitude of London is snch, that 
a body descending freely by its own weight falls through a space of 
sixteen feet and one inch, or 1 6/3 feet in one second of time, and at the end 
of one second it has acquired a velocity which, if uniformly continued, 
would carry it through a space of thirty-two feet two inches, or 32j feet in 
the next second of time, and this velocity is conventionally assumed by 
Buuhematiciaus as the measure of the power of gravity, and, being constant, 



it becomes an element of calculation in all our inquiries relative to the 
motions and effects of constant or uniform forces. 

Since the velocities are directly proportional to the times of falling fhrni 
rest, and the spaces described as the squares of the times, or the squares of 
the velocities; then, as one second of time is to any number of seconds, so 
is the measure of the power of gravity to the velocity acquired. As the 
square of one second is to the square of the number of seconds, so is the 
space fallen in one second to the space described. And from these general 
analogies, combined with the standard experimental nnrol>ers, we deduce 
the following equations relative to the descents of gravity, and!, since they 
are of ver}' great use in mechanical calculations, we shall be somewhat par- 
ticular in their discussion, the space described being always expressed in 
feet, and the time in seconds. 

The space described by a falling body in any time is equal to the square 
of the time, multiplied by the descent in one second ; or it is equal to the 
square of the velocity divided by twice the measure of the power of gravity, 
or one half the time multiplied by the velocity. From the first of these 
equations the space descended is determinable fhmi the time ; b^the second 
it is found fh>m the velocity ; and by the third, it is assignable from the 
time and velocity cox^ointly. The second of these forms is one of very 
frequent occurrence, and to it we particularly direct the reader's attention, 
as it will be often employed in the course of the present work. 

TJie velocity acquired by a falling body in any time is equal to the mea- 
sure of the power of gravity, multiplied by the time, or it is equal to twice 
the space divided by the time, or the square root of twice the measure of 
the power of gravity multiplied by the space fallen in the given time 

The time of descent in falling bodies is equal to the velocity acquired, 
divided by the measure of the power of gravity ; or it is equal to twice the 
space divided by the velocity, or the square root of the whole space fidlen, 
divided by the iall in one second. From these equations several othera 
might be deduced relative to the space fallen in one second, but as they are 
less useful in calculations than those expressed above, we shall not trouble 
our readers with them. 

Since the times of falling are directly proportional to the generated 
velocities, and the spaces described proportional to the squares of both the 
times and velocities, that is, proportional to the squares of either of them ; 
it follows, that if the times of descent be represented by the series of con- 
secutive numbers, 1', 2^, 3*^, Af &c., the corresponding velocities at the end 
of the times will be respectively represented by 32^, 64J, 96^ 1281 &c feet 
per second, while the spaces described at the end of eacl^ second are ex- 
pressed by the numben 16^48^,80^ 112j^ &c. feet; and the spaces 
described in the whole times from the beginning of the descent are 1%^ 
64 J, 144f, 257) &c feet respectively. The generation of these numbera is 
very easily underatood ; thus, in the first interval, or second of time, the 
force of grayity carries the body through a space of 16^ feet, and in that 
time it generates a velocity such as, if uniformly continued, would describe 
twice the space, or 32 j feet in the next second or interval, independently of 
the action of gravity ; but the force of gravity still continuing to act with 
the same intensity as in the first interval, it will manifestly urg^ the body 
through an equal space, and this is in addition to that described by the 
uniform motion of 32) feet ; so that the whole space generated in the 
second interval is 32)+ 16|^»48); that is, 32) described uniformly, and 
16^2 described by the force of gravity: consequently, the entire space 
described during the first and second intervals is equal to the sum of the 
spaces described in these intervals considered separately; that is, 16-^ + 
48)=: 64) feet Again, at the end of the second interval, the body has 
acquired a velocity such as, being uniformly continued, would carry it 
through a space of 64) feet in the third interval or second of time, in- 
dependently of the power of gravity : but since gravity still continues to 
exert itself with the same constant intensity, it will urge the body throngh 
a space of 16^ feet in addition to that described by the constant velocity ; 
and consequently the entire space described in the third interval by the 
force of gravity and the uniform velocity conjointly is 16^^, + 64^=- 80^ feet, 
and the total space described in the three intervals that have elapsed since 
the beginning of the motion must be equivalent to the sum of the spaces 
described in each of them separately ; that is, 16^ -»- 48^ -t- 80^}«= 144]j feet 
By pursuing a similar mode of reasoning for the successive intervals m the 
series the manner in which the velocity of a falling body is generated 
will be rendered intelligible, and the beautiftil law of gravity, which 
exercises such an extensive influence in the material world, will be clearly 
comprehended. The following table exhibits the velocities acquired 
in each second, the spaces described in each second, and the total spaces 
described from the beginning of the motion to the end of each second. 

Space dctcribed. ToUl Space, 
feet feet. 

Velocity acquired in the first mterval 32) feet 16^ 16^ 

second «4l 48) 64) 

third 96) 80^ 144] 

fourth 128} 112^ 267) 

fifth 160) 144) 402^ 

sixth 193 177,^ 579 

seventh 225) 209i 788^ 

eighth 257) 241 A 1029) 

ninth 289) 273^ 1302| 

&C. &c &c &C. 
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This table might obviously be carried on to any extent ; but what we 
have here set down will enable the attentive reader to trace every particular 
respecting the times, spaces, and velocities of bodies descending perpen- 
dicularly by the power of gravity. "We shall therefore now proceed to 
illustrate the application of these principles and laws to practice, by resolving 
a few numerical examples. 

ExAMPLK 1. Suppose a leaden bullet which weighs 24 lbs. to be let tall 
from a height of 404 feet, which corresponds to the height of St. Paul's 
Cathedral; with what velocity will the bedl strike the ground, and what will 
be the momentum or force of impact ? 

In this example we have given the space, the force, and the body or mass, 
and wish to find the velocity, and the momentum. Here it is manifest 
that the force implied in the question is the power of gravity, and the body 
or mass is the weight of the ball ; but we have shown that the squares of the 
Telocities are as the spaces fallen ; it therefore follows, that, 

IHi ' (32i)« :: 404 : 25990f, 

and by extracting the square root, we get v'25990j-161-216 feet per 
second, the velocity sought But by the first of our general analogies for 
constant or uniform forces, the momentum is proportional to the mass mul- 
tiplied by the velocity ; consequently, we have 161*216 x 24»3869-184lbs., 
for thcf momentum or force of impact It will readily be perceived that 
this case applies to the operation of the pile engine, for we have given the 
weight of the ram and the height of the fall to determine the vehemence of 
the stroke or the force of impact; and in applying the general analogies which 
we have given for constant or uniform forces to the determination of the 
velocity m this example, we have to consider the force and the mass or 
body, as constant or given quantities, as they are in reality ; they may there- 
fore be left out of the expression altogether, so that the space is simply pro- 
portional to the square of the velocity ; but in falling bodies, the space 
descended in one second is 1 6|^ feet, and the velocity generated in that 
time is 32^ feet ; these quantities therefore become constants of comparison 
in all cases of a similar nature : hence the reason of the above process. 
But it may here be remarked, that precisely the same result would be 
obtained by adopting any other pair of corresponding numbers in the pre- 
ceding table. 

Example 2. Suppose a stone to be let fall from a height of 400 feet ; in 
what time will it reach the ground, and what will be the momentum or force 
of impact, the weight of the stone being 336 lbs. ? 

Here we have given the weight of the body, and the space which it 
describes, to find the time of falling and the momentum acquired. In 
finding the time of descent, the weight of the body does not enter into the 
investigation ; for, as we have already stated, all bodies, whether light or 
heavy, fall through equal spaces in equal times. Therefore, by seeking for 
the solution from our general analogies, we must consider the body and the 
force, which are constant, to be expunged from the expression, a condition 
that will lead us immediately to the principle of falling bodies, that the 
spaces are directly proportional to the squares of the times : now, the space 
£iiien in one second of time is IG^*, feet ; therefore we have, 

16^ : !«:: 400 : 24-87, 
the square of the time of descending 400 feet, and the square root of this 

is v^24*87 »4'987.^ the time required. Now, in order to find the momentum 
or force of impact, it is necessary to calculate either the force or velocity ; 
but the velocity being the most easily determined after the manner of the first 

example, it will be preferable to employ it ; we therefore get V6i\ x 400 x 
336 a 53900 libs, the momentum sought 

Example 3. Suppose a stone to be dropped fh>m the top of a tower and 
left to descend freely by means of its own gravity ; what is the height of 
the tower, if the stone strike the ground at the end of the fourth second? 

In this example we have given the time and the force to find the space ; 
in order, therefore, to resolve the question by our general analogies, we 
must consider both the force and the mass to be constant, and, bv expunging 
them from the expression, we arrive at that case of fiilling bodies in which 
the space is directly proportional to the square of the time. Now, the 
space fallen in one second is 16^ feet ; hence we have H : 16-^ :: 4< : 
257| fbet, which is the space described by gravity in four seconds, accord- 
ing to the foregoing table of times, spaces, and velocities. 

Example 4. Let every thin^ remain as in the foregoing question, with 
what velocity does the stone impinge upon the ground, and what is the 
momentum or force of impact, supposing the stone to weigh 1 12 lbs. ? 

Here we have given the time, body, and force, to determine the velocity 
and momentum. Therefore, in seeking the solution by the general analo- 
gies -we must suppose the body and force to be constant, and by expunging 
them frt>m the expression in which they are found in combination with the 
time, we obtain the very simple case of falling bodies, that the velocity is 
directly proportional to the time of descent Now the velocity acquired 
by gravity in one second is 32 J feet ; hence we have 1" : 32 j^ :: 4" : 128] 
feet, the velocity sought, as is manifest also from the foregoing table. But 
the momentum is equal to the mass drawn into the velocity ; hence it is 
1281 X 112 -a 14421) lbs., the momentum required. 

Example 5. If a stone dropped from the summit of a tower be observed 
to strike the ground with a velocity of 120 feet per second ; it is required 
to determine the height of the tower, the time of descent, and the momen- 
tum or force of impact ? 



Here we have given the motive or moving force, which is gravity, the 
body or mass, and the velocity, to find the space described, the time of 
descent, and the momentum. Supposing the mass and the motive force to 
be constant, they are expunged from the expression, and we are led to the 
fact that the spaces described are directly proportional to the squares of 
the velocities ; and as the velocity acquired by gravity in one second is 32^ 
feet, and the space fallen is 16|^ feet, while the given velocity is 120 feet : 
we have 32^^ : 16^ :: 120« : 223.834 feet, the height required. In like 
manner, by seeking the time fh>m the general analogies, we have only to 
expunge the motive force and the body considered as constant, and we are 
led to the case in which the velocities are simply proportional to the times 
in which they are generated; hence we have 32J : 1" :: 120 : m^'\ the 
time of descent sought But the terminal velocity is given by the question ;. 
hence the momentum or quantity of motion is 120 x 56 ■* 6720 lbs. 

It would occupy too much space to illustrate every combination of data 
comprehended in the theory here set forth ; those cases which we have 
exemplified are the most important in practice, and the method we have 
shown of applying them will, if properly attended to, guide the reader to 
the reduction of any other case that is likely to occur in inquiries connected 
with the steam engine. We have not, however, in any of the examples, 
exhibited the actual reduction of the analogy, by which the answer is de- 
termined ; but since the finding of the space descended involves a somewhat 
more complex operation, we sludl here show the method of performing it : — 

Velocity acquired bj gravity in one lecond, 82} ar. co. log.* - - 8-492B94 

a 



Space deicended in one second by gravity, 16|^ 
Velocity with which the stone ttrllies the ground, 120 

Nat. num. or height fallen through 333*834 feet 



6 9136188 
- log. 1-906376 
Sxlog. 4- 158362 



sum of the logs. 2349026 



From the examples here selected and resolved, the reader will perceive 
the very great importance of a familiar acquaintance with the doctrine of 
impulsive and constant or uniform forces, which, together with the laws of 
gravity just discussed, enter more or less into all mechanical inquiries. 

COMPOSITION AND RESOLUTION OF MOTION AND FORCES. 

A body will describe the diagonal of a parallelogram by the action of 
two several forces combined, in the same time that it would describe one 
or other of the sides, by one or other of the forces separately considered. 

Let A B C D, Jig. 26, be a parallelogram, of which the diagonal is A D ; 
then if a body at A be acted on separately by two forces in the dlreciioas 



Fig, 26. 




A B and A C, which would cause the body to be carried through t Tie 
spaces A B and A C in the same time, then both forces acting at once 
will cause the body to be carried through the diagonal A D of the paral- 
lelogram. For, let the straight line A be supposed to move A'om the 
position AC, in a direction always parallel to itself; whilst the body at A 
moves along the line A C in such a manner as to arrive at the point b, 
when A C coincides with ac. Then since the lines A B and A C are de- 
scribed in the same time, and A a and A 6 are also described in the same 
time ; and since the motions are uniform, A a : a 6 : : A B : B D, and 
therefore A 6 D is a straight line coinciding with A D the diagonal of the 
parallelogram. The magnitude of the three forces acting in the directions 
A B, A G and A D ; that is the magnitude of the forces acting in the 
directions of the sides and the diagonal of a parallelogram, are respectively 
proportional to those sides and diagonal, or proportional to the lines A B, 
A C and A D. Any single force A D, denoted by the diagonal of a 
parallelogram, is equivalent in magnitude to two forces denoted by the 
side A B and A C ; that is, a single force acting in the direction of the 
diagonal A D, and having its magnitude proportional thereto, produces the 
same effSect as two forces acting in the directions of the sides A R and 
A C, and having their magnitndes proportional thereto. Consequently, 
any single force A D may be resolved into two forces an infinite number 
of ways by drawing any two lines A B and A C to represent their mn;rni- 
tudes and the directions in which they act The operation of finding a 
single force that shall produce the same effect as two or more forces, 
whose magnitudes and directions are given, is called the Composititm of 
Forces. 

* The contracted words, ** ar. co. log.,** mean simply the arithmetical complement of the 
logaHthm, or the logarithm of the giten number lubtractpd Oum 10. The u^e of It avoids 
the troubli* of subtracting the first logarithm from the sum of the other two, as it is ue- 
oetsary to do In worUng out the proportion. 
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The converse of this, or the operation of finding two or more forces 
whose effects shall be equivalent to a single given force, is called the Hem^- 
hUuM of Forces ; the single force being called the RetntlUint^ and the other 
forces to -which the Resultant is equivalent, are called the Cumpomnts, The 
figure A B D C by which the composants and resultant are expounded is 
called the Parallelogram of Forces. 

If three forces acting at a material point in a body keep each other in 
eqailibrio, they will have to each other the proportions of the three sides 
of a triangle drawn parallel to the lines of their directions. And if three 
forces acting against each other maintain an e<]uilibrium, these forces will 
be respectively proportional to the three sides of a triangle drawn perpen- 
dicular to the lines of their directions, or making any given angle with 
them on the same side. If three forces acting at a material point of a body 
keep one another in equilibrio, they will be respectively proportional to the 
sines of the angles made by tlie mutual concourse of the lines of their 
directions. If any number of forces acting against one another are kept in 
equilibrio by their mutual actions, they may all be reduced to two equal 
and opposite oues. For by composition any two of the forces may be re- 
duced to a siuf2;le one acting in the same plane ; and this last force may be 
compounded with any of the remaining forces, so that their resultant may 
also act in the same plane with them, and this again may be compounded 
with another, and so on, until the whole system is at last reduced to the 
action of two equal and opposite forces. 

If three forces sustain one another in equilibrio by their mutual actions, 
the line of direction of each force will pass through the point of concourse of 
the directions of the other two. And if two forces to be compounded act in 
the same line, either both the same way or the one directly opposite the 
other, then their resultant will act in the same line also, and it will be 
equal to the sum or the difference of the composants, according as they act 
in the same or opposite directions. The above properties hold true of all 
similar forces, whether they be instantaneous or continual, or whether 
they act by impulse or percussion, by pressing, weighing or pushing ; and 
we must commend the subject to the attention of our readers as one of 
much importance in all mechanical inquiries. 

COLLISION OF BODIES. 

It a body impinge or act against a plane surface, it exerts its force in a 
direction perpendicular to the surface on which it acts. Let the body at 

Afiy. 27.), moving in the direction AB with 
a given velocity, impinge upon a hard and 
solid body at B ; it is proposed to show that 
the body at A acts on the plane PL in a di- 
rection at right angles to its surface. Let 
the straight line A B represent the magnitude 
and direction of the force with which the 
body strikes the plane, and AB be resolved 
^' ^' into the two forces AC and BC, the one of 

them in a direction parallel to the plane, and the other perpendicular to it ; 
then it is evident that the force AC, which is parallel to the plane, can 
have no effect upon it ; and, consequently, the bod^ or plane PL is only 
acted on by the force in the direction CD, which is perpendicular to its 
•nrface. Hence, if one body impinges on another body with a given velo- 
city, the magnitude or intensity of the stroke or force of impact is directly 
proportional to the sine of the angle of incidence, or the angle in which the 
direction of the body meets the plane. This is evident, for the actual force 
is represented in magnitude and direction by AB, and the force acting on 
the surface is CB ; but CB is the sine of the angle BAC to the radius AB, 
and BAC is equal to ABL, the angle in which the line of direction meets 
the plane. 

If an elastic body A impinge on a hard and elastic plane PL, the angles 
of incidence and reflection are equal to one another. For If AD be parallel 
to PL, the motion of A, parallel to the plane, is not at all affected by the 
atroke ; and in consequence of the elasticity of one or both bodies, the body A 
is reflected back to D in the same time that it moved from A to B. AC is 
equal to CD, being described in equal times; consequently the angle ABC 
is equal to the angle DliC, and the angle ABL is equal to the angle DBP. 
If a non-elastic body impinge on another non-elastic body, it loses only 
half the motion that would be lost if the bodies were elastic. This is clear, 
for non-elastic bodies only stop without rebounding or receding from one 
another, b^ elastic bodies recede with the same velocity. 

The sum of the motions of two or more bodies in any direction towards 
the same parts cannot be influenced or changed by the action of the bodies 
on each other. If any two bodies move the same way, since action and re- 
action are equal and contrary, what the one loses the other gains, and con- 
sequently the sum of the motions remains the same as before, and the same 
thing holds true if there were more than two bodies. When bodies strike 
each other obliquely, they act on each other in a direction perpendicular to 
the tarfiEice acted on ; and consequently, by the law of action and re-action, 
there is no change produced of that direction. But in a direction parallel 
to the surface struck, the bodies have no effect on each other, therefore the 
motioD is not altered in that direction, and consequently the motions remain 
the same in any one line of direction. 

Motion considered in one direction can neither be increased nor decreased, 
hot must constantly remain the same under all circumstances. This follows 
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immediately from what has just been stated, for whatever motion is gained 
by one body by addition is lost to the otlier body by subtraction, and con- 
sequently the sum total of the two motions remains the same as before. The 
principle here enunciated, however, does not hold with regard to motions 
m all directions, for in this case motions may be increased and decreased 
an indefinite number of ways ; thus, if two equal non-elastic bodies meet 
each other, both their motions are destroyed by the stroke : here, at the 
beginning of the movement, they had both of them a certain quantity of 
motion estimated in contrary directions, but on meeting each other both 
their motions are destroyed. 

The motions of bodies included in a given space are the same with respect 
to each other, whether that space stands still or moves uniformly in a nght 
line. For if any body be moving in a right line, and if any force be equally 
impressed upon both the body and the Ime in which it moves, this will pro** 
duce no change in the motion of the body along the straight line, and for 
the same reason the motions of all the other bodies in their respective direc- 
tions will also remain the same ; consequently, the motions of the bodies 
amongst themselves will still be the same, whether the space by which they 
are included be at rest or moving uniformly in a straight line, their mutual 
actions on one another remaining the same in both cases. 

CENTRE OF GRAVTTT. 

T%e centre of gravity of a body is that point within it which continually 
endeavours to gain the lowest possible situation ; or it is that point on which 
the body, being freely suspended, will remain at rest in all positions. The 
centre of gravity of a body does not always exist within the matter of 
which the body is composed, there being bodies of such forms as to pre- 
clude the possibility of this being the case, but it must either be surrounded 
by the constituent matter, or so placed that the particles shall be symme- 
trically situated, with respect to a vertical line in which the position of the 
centre occurs. Thus, the centre of gravity of a ring is not in the substance 
of the ring itself, but if the ring be uniform it will be in the axis of its 
circumscribing cylinder ; and if the ring varies in form or density, it will 
be situated nearest to those parts where the weight or density is greatest 
Varying the position of a body will not cause an^ change in the situation 
of the centre of gravity ; for anv change of position the body undergoes 
will only have the effect of altenng the directions of the sustaining forces, 
which will still preserve their parallelism. When a body is suspended by 
any other point than its centre of gravity, it will not rest unless that 
centre be in the same vertical line with the point of suspension ; for in 
every other position the force which is intended to ensure the equilibrium 
will not directly oppose the resultant of g^vity upon the particles of the 
body, and of course the equilibrium will not obtain ; the directions of the 
forces of gravity upon the constituent particles are all parallel to one 
another and perpendicular to the horizon. If a heavy body be sustained 
by two or more forces, their lines of direction must meet either at the 
centre of gravity, or in the vertical line in which it occurs. 

A body cannot descend or fall downwards, unless it be in such a posi- 
tion that by its motion the centre of gravity descends. If a body stands 
on a plane, and a line be drawn perpendicular to the horizon, and if this 
perpendicular line fall within the base of the body, it will he supported 
without falling ; but if the perpendicular falls without the base of the body 
it will overset For when the perpendicular falls within the base the body 
cannot be moved at all without raising the centre of gravity ; but when the 
perpendicular falls without the base towards any side, if the body be moved 
towards that side, the centre of gravity will descend, and consequently the 
body will overset in that direction. If a perpendicular to the horizon from 
the centre of gravity fall upon the extremity of the base, the body may 
continue to stand, but the least force that can be applied will cause it to 
overset In that direction ; and the nearer the perpendicular is to any side 
the easier the body will be made to fall on that side, but the nearer the 
perpendicular is to the middle of the base the firmer the body will stand. 
If the centre of gravity of a body be supported, the whole body is supported, 
and the place or the centre of gravity must be considered as the place of 
the body, and it is always in a line which is perpendicular to the horizon. 

In any two bodies, the common centre of gravity divides the line that 
joins their Individual centres into two parts that are to one another recipro- 
cally as the magnitudes of the bodies. The products of the bodies multiplied 
by their respective distances from the common centre of gravity are equal 
If a weight be laid upon any point of an inflexible lever which is supported 
at the ends, the pressure on each point of the support will be Inversely as 
the respective distances from the point where the weight is applied. In a 
system of three bodies, if a line be drawn ft-om the centre of gravity of any 
one of them to the common centre of the other two, then the common centre 
of all the three bodies divides the line into two parts that are to each 
other reciprocally as the magnitude of the body from which the line is 
drawn to the sum of the magnitudes of the other two ; and, consequently, 
the single body multiplied by its distance fh>m the common centre of 
gravity is equal to the sum of the other bodies multiplied by the distance 
of their common centre fW)m the common centre of the system. 

If there be taken any point in the straight line or lever joining the centres 
of gravity of two bodies, the sum of the two products of each body mul- 
tiplied by its distance from that point is equal to the product of the sum 
of the bodies multiplied by the distance of their common centre of gravity 
fh>m the same point The two bodies have, therefore, the same ti ndency 
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to turn the lever about the assumed i>oiDt, as if they were both placed in 
their common centre of gravity. Or, if the line with the bodies moves 
about the assumed point, the sum of the momenta is equal to the momentum 
of the sum of the bodies placed at their common centre of gravity. The 
same property holds with respect to any number of bodies whatever, and 
also when the bodies are not placed in the line, but in perpendiculars to it 
passing through the bodies. If any plane pass through the assumed point, 
}ierpeLdicular to the line in which it subsists, then the distance of the 
common centre of gravity of all the bodies from that plain is equal to the 
sum of all the momenta divided by the sum of all the bodies. We may 
here specify the positions of the centre of gravity in several figures of 
very frequent occurrence. 

In a stiaight line, or in a straight bar or rod of uniform figure and density, 
the position of the centre of gravity is at the middle of its length. In the 
plane of a triangle the centre of gravity is situated in the straight line 
drawn from any one of the angles to the middle of the opposite side, and 
at two thirds of this line distant from the angle where it originates, or one 
third distant from the base. In the surface of a trapezium the centre of 
gravity is in the intersections of the straight lines that join the centres of 
the opposite triangles made by the two diagonals. The centre of gravity 
of the surface of a parallelogram is at the intersection of the diagonals, or 
at the intersection of the two lines which bisect the figure from its opposite 
sides. In any regular polygon the centre of gravity is at the same point 
as the centre of magnitude. In a circular arc the position of the centre 
of gravity is distant from the centre of the circle by the measure of a fourth 
proportioual to the arc, radius, and chord. In a semicular arc the posi- 
tion of the centre of gravity is distant from the centre by the measure of 
a third proportional to the arc of the quadrant and the radius. In the 
«ector of a circle the position of the centre of gravity is distant fh)m the 
•centre of the circle by a fourth proportional to three times the arc of the 
sector, the chord of the arc, and the diameter of the circle. In a circular 
segment the position of the centre of gravity is distant fh)m the centre of 
the circle by a space which is equal to the cube or third i>ower of the 
.chord divided by twelve times the area of the segment In a semicircle 
the position of the centre of gravity is distant from the centre of the 
circle by a space which is equal to four times the radius divided by the 
constant number 3*1416x3 = 9*4248. In a parabola the position of the 
centre of gravity is distant fh)m the vertex by three-fifths of the axis. 
In a semi-parabola the position of the centre of gravity is at the intersection 
of the co-ordinates, one of which is parallel to the base, and distant from it 
by two-fifths of the axis, and the other parallel to the axis, but distant from 
it by three-eighths of the semi-base. 

The centres of gravity of the sur&ce of a cylinder, a cone, and conic 
frustum, are respectively at the same distances from the origin as are the 
centres of gravity of the parallelogram, the triangle, and trapezoid, which 
are sections passing along the axes of the respective solids. The centre of 
gravity of the surface of a spheric segment is at the middle of the versed 
sine or height The centre of gravity of the convex surface of a spherical 
zone is at the middle of that portion of the axis of the sphere intercepted 
by its two bases. In prisms and cylinders the position of the centre of 
gravity is at the middle of the straight line that joms the centres of gravity 
of their opposite ends. In pyramids and cones the centre of gravity is in 
the straight line that joins the vertex with the centre of gravity of the base, 
and at three-fourths of its length from the vertex, and one-fourth from the 
base. In a semisphere, or semispheroid, the position of the centre of gravity 
is distant from the centre by three-eighths of the radius. In a parabolic 
conoid the i>osition of the centre of gravity is distant from the base by one- 
third of the axis, or two-thirds of the axis distant from the vertex. There 
are several other bodies and figures of which the position of the centre of 
gravity is known; but as the position in those cases cannot be defined 
without algebra, we omit them. 

CENTRIPETAL AND CENTRIFUGAL FORCES. 

Centred forces are of two kinds, c^trlpetal and centrifugal. Centripetal 
force is that force by which a body is attracted or impelled towards a 
certain fixed i>oint as a centre, and tliat point towards which the body is 
urged is called the centre of attraction or the centre of force. Centrifugal 
force is that force by which a body endeavours to recede from the centre 
of attraction, and from which it would actually fly off in the direction of a 
tangent if it were not prevented by the action of the centripetal force. 
These two forces are therefore antagonistic ; the action of the one being di- 
rectly opposed to that of the other. It is on the joint action of these two forces 
that all curvilinear motion depends. Circular motion is that affection of cur- 
vilinear motion where the body is constrained to move in the circumference 
of a circle : if it continues to move so as to describe the entire circle, it is 
denominated rotatory motion^ and the body is said to revolve in a circular 
orbit, the centre of which is called the centre of motion. In all circular 
motions the deflection or deviation from the rectilinear course is constantly 
the same at every point of the orbit, in which case the centripetal and 
centrifugal forces are e(}ual to one another. In circular orbits the centri- 
petal forces, by which equal bodies placed at equal distances from the 
centres of force are attracted or drawn towards those centres, are propor- 
tional to the (juantities of matter in the central bodies. This is manifest, 
for kince all attraction takes place towards some particular body, every 



particle in the attracting bod^ must produce its individual effect ; conse- 
quently, a body containing twice the quantity of matter will exert twice 
the attractive energy, and a body containing thrice the quantity of matter 
will operate with thrice the attractive force, and so on according to the 
quantity of matter in the attracting body. 

Any body, whether large or small, when placed at the same distance fh>m 
the centre of force, is attracted or drawn through equal spaces in the same 
time by the action of the central body. This is obvious fh)m the con> 
sideration that although a body two or three times greater is urged with 
two or three times greater an attractive force, yet there is two or three 
times the quantity of matter to be moved ; and, as we have shown elsewhere, 
the velocity generated in a given time is directly proportional to the force 
by which it is generated, and inversely as the quantity of matter in the 
moving or attracted body. But the force which in the present instance 
is the weight of the body is proportional to the quantity of matter which 
it contains ; consequently, the velocity generated is directly and inversely 
proportional to the quantity of matter in the attracted body, and is, there- 
fore, a given or a constant quantity. Hence the centripetal force, or force 
towards the centre of the circular orbit, is not measured by the magnitude 
of the revolving body, but only by the space which it describes or passes 
over in a given time. When a body revolves in a circular orbit, and is 
retained in it by means of a centripetal force directed to the centre, the 
actual velocity of the revolving body at every point of its revolution is 
equal to that which it would acquire by foiling perpendicularly with the 
same uniform force through one-fourth of the diameter, or one half the 
radius of its orbit ; and this velocity is the same as would be acquired by a 
second body in falling through half the radius, whilst the first body, in 
revolving in its orbit, describes a portion of the circumference which is 
equal in length to half the diameter of the circle. Consequently, if a body 
revolves uniformly in the circumference of a circle by means of a given 
centripetal force, the portion of the circumference which it describes in any 
time is a mean proi>ortional between the diameter of the circle and the 
space which the body would descend perpendicularly in the same time, 
and with the same given force continued uniformly. 

The periodic time, in the doctrine of central forces, is the time occupied 
by a body in performing a complete revolution round the centre, when that 
body is constrained to move in the circumference by means of a centripetal 
force directed to that point ; and when the body revolves in a circular 
orbit, the periodic time, or the time of performing a complete revolution, is 

expressed by the term w t V-^, and the velocity or space passed over in 

the time t will be Vds; in which expressions <f denotes the diameter of 
the circular orbit described by the revolving body, s the space descended 
in any time by a body falling perpendicularly downwards with the same 
uniform force, t the time of descending through the space s and v the 
circumference of a circle whose diameter is unity. If several bodies 
revolving in circles round the same or different centres be retained in 
their orbits by the action of centnpetal forces directed to those points, the 
periodic times will be directly as the square roots of the radii or distances 
of the revolving bodies, and inversely as the square roots of the centripetal 
forces, or, what is the same thing, the squares of the periodic times are 
directly as the radii, and inversely as the centripetal forces. 

CENTRE OF GYRATION. 

The centre of gyration is that point in which, if all the constituent particles, 
or all the matter contained in a revolving body, or system of bodies, were 
concentrated, the same angular velocity would be generated in the same 
time by a given force acting at any place as would be generated by the 
same force acting similarly on the b<Mly or system itself according to its 
formation. 

The angular motion of a body, or system of bodies, is the motion of a line 
connecting any point with the centre or axis of motion, and is the same in 
all parts of the same revolving system. 

In different unconnected bodies, each revolving about a centre, the 
angular velocity is directly proi>ortional to the absolute velocity, and in- 
versely as the distance from the centre of motion ; so that, if the absolute 
velocities of the revolving bodies be proportional to their radii or distances, 
the angular velocities will be equal If the axis of motion passes through the 
centre of gravity, then is this centre called the principal centre of gyration. 

The distance of the centre of gyration fVom the point of suspension, or 
the axis of motion in any body or system of bodies, is a geomttrical mean 
between the centres of gravity and oscillation fh>m the same i>oint or 
axis *, consequently, having found the distances of these centres in any 
proposed case, the square root of their product will give the distance of the 
centre of gyration. If any part of a system be conceived to be collected in 
the centre of gyration of Uiat particular part, the centre of gyration of the 
whole system wiU continue the same as before; for the same force that moved 
this part of the system before along with the rest will move it now without 
any change ; and consequently, if each part of the system be collected 
into its own particular centre, the common centre of the whole system wi 
continue the same. If a circle be described about the centre of gravity o 
any system, and the axis of rotation be made to pass through any point 
the circumference, the distance of the centre of gyration from that poi 
will always be the same. 





Meehanieal PrineipUi. 






If die p«TiptierT of ■ circle rerolre sboat in txii puiiog through the 
erntiT, ftnd at right uiglei to iti plane, it ii the lame thing w if Idl the 
nutter were collected into any one point in (he periphery. And moreover, 
the pUne of a circle or ■ disk containing twice the qnantily of matter aa 
the iud peripliei7. and having the saine diameter, will in an eqnsl litne 
Mqoire the aame angular *elocily. If the matter of a revolving body 
were bcIdsIIj to be placed in the centre of gyration, it ought either to be 
■moged in the circumTercnce, or in two point* of the circumference 
diametriollj oppoiile to each other, and equally dislanl from the centre 
of rootioa, for by thii means the ceotre of motion will coincide with the 
MOtre of grkiily, aod the bod^ will revolve without any lateral force on 
■Dy aide. Theae are the chief propertiea connected with the centre of gy- 
rauoo, and the following are a few of the ctuea io which ita poiition h^ 
been aKertaiced. 

In a right line, or a cylinder of yery amall diameter revolving about one 
of ita extremitiei, the distance of the centre of gyration fVom the cenlre of 
matkai ii equal to the length of the revolving line or cylitider multiplied 
by the iqaan: root of ). In the plane of a circle, or a cylinder revolviug 
about (he axis, i( i> equal to the raditu multiplied by the aquare root of j. In 
the circumference of a circle revolving about the diameter it ie eqoal to 
the radiua multiplied by the square root of). In the plane of a circle revolv- 
ing about the diameter it ij equal to one half the radiua. In a thin circu- 
lar ring revolving about one of ita diameters as an aiia tt is equal to the 
ndiu mDltiplted by the aquare rootof^. In a solid globe revolving about the 
diameter it u equal to the radiua multiplied by the aquare root of j. In 
the forface of a sphere revolving about the diameter it is equal to the 
ndioa multiplied by the square root of ]. In a right cone revolving about 
the axia it ia equal to the radiua of the base multiplied by the square root 
of)^ la all these cases the dietonce isealimaled from the centre of the axil 
of motioiL 'We shall have occasion to illustrate these principles when we 
come to treat oC fly-wheels in the coQstructioD of [he dilTEreut parts of 
iteua engines. 

When bodies revolving in the circnmferencea of different circles are re- 
laiued in their orbiu hj centripetal forces directed to the centres, the 
periodic timei of revolotioo are directly proportional to the distances or 
radii of the circles, and inversely as the velociliei of motion i and the 
periodic timei, under like circumstances, are directly as the Telocities of 
motiMi, and inversely u the centripetal forces. If the times of revolution 
are equal, the velocities and centripetal forcet are directly as the distances 
or radii of the circles. If the centripetal farces are equal, the square* 
e» of revolution and the squares of (he velocities are as the 
ir radii of the circles. If the times of revolution are aa the radii 
of the circles, the vclociliei will be equal, and Uie centripetal forcea reci- 
pncslly *■ the radiL 

If MTCnl bodies revolve in dreuUr orbits roand the liame or different 
MDtrea, (he veloeitie* are directly as the distances or radii, and inversely 
U the tiinei of revolntioo. The velocities are directly as the ceutripetal 
farces and the times of revolutiao. The square* of the velocities are propor- 
tionl to the centripetal forces, and the distances or radii of the circles. 
Vhei the veloeitie* are equal, the times of revolution are proportional to 
the radii of the circles iti which the bodies revolve, and the ndii of the 
cinles are inveraely ai the centripetal forces. If the velocities be propor- 
tional to the distance* or radii of the circles, the centripetal forces will b« 
in the same ratio, and the limes of revolution will be equal. 

If several bodie* revolve in circular orbits about the *ame or different 
evtn^ the centripetal forces are proportional to the distances or radii of 
the eiMlc* directly, and inversely as the squares of (he times of rvvulutinn. 
Tba eeiitripeial forces are directly proportional to the velocities, and 
itnreely as the times of revoiuliou. The centripetal forces are directly as 
(he iqiMree of the velocities, and inversely as the diauuices or radii of the 
ordea. When the centripetal forces are equal, the velocities are propor- 
tional to the times of revolution, and the distances as the squares of the 
timea or a* the squares of the velocities. When the central forces are pro- 
inrtiobil to the ^stances or radii of the circle^ the times of revolution are 
eqaaL If several bodies revolve in circular orbits about the same or 
It centre*, the radii of the circles are directly proportional to the 
, nal forces, and the square* of the periodic time*. The distances or 
ndii of the circles are directly us the velocities and periodic times. The 
distaDCM or radii of the circles are directly aa tbe squares of the velocities, 
and reciprocally as the centripetal forces. If the distance* are equal, the 
eentripetal (bnxi are directly as the squares oF tbe velocities, and recipro- 
all^ aa the squares of the times of revolution ; the velocities also are 
lcn|Htiea1Ij m the times of revolutioiL The converse of these principles 
and propertii-s are e<f ually true ; and all that has been here staled in regard 
to centripetal force* i* similarly true of centrifugal forces, they being equal 
ind contrary to each other. 

The qnantitiei of matter in all attracting bodies, having other bodies 
Tevolving kbont them in drcolar orbi(a, are proportioual to (he cubes of the 
distances directly, and to the sc^uares of the ^mes of revolution reciprocally. 
The aUnwtiTe fbrce of a body is directly proportional to (he quantity of 
■Mer, w>d invenely a* the square of the distance. If the centripetal 
face ef • iMdj rev<dvia2 in a circular orbit be proportional to the distance 
froa tbe centre, a body let fall from tbe upper extremity of the vertical 
diameter will reaeh the centre in the larae lime that the revolving body 
dMoibM OM Cnrth part of the orbiL The velocity of the des^nding body 



proporiioaal to the arc of the circumference whose versed sine 
fkllen through. All the times of falling from any altitudes whatever to the 
centre of the orbit will be equal ; for these times are equal to one fborth of 
the periodic timea, and these times, under the specified conditions, areequaL 
The velocity of the descending body at the centre of the circular orbit i* 
equal to the velocity of the revolving body. 

Theie are the chief principles (hat we need consider regarding tho 
motion of bodies in circular orbit* ; and ftom them we are ted to the consi- 
deration of bodies suspended on a centre, and made to revolve in a circle 
beneath the suspending point, so that when the body describe* the circum- 
ference of a circle, the siring or wire by which it is suspended describe* 
the surface of a cone. A body thus revolving is called a coaical pendulum, 
and this species of pendulum, or. aa it ia usually termed, the gocemor, ia of 
great importance in mechanical arrangementa, being employed to regiJate 
Uie movementa of steam engine*, water-wheels, and other mechanism. As 
we shall have occasion to show the conslruction and use of this instrument 
when treating of the parts and proportions of engines, we need not do more 
at present than slate Ihe principles on which its action depends. We 
mua(, however, previously say a few words on (he properties of the simple 
pendulum, or that which, being suspended from a centre, is made to 
vibrate from side to side in Ihe slune vertical plane. 



If a pendulum vibrates in a small circular are, (be time of performing 
one vibration is to the time occupied by a heavy body in falling perpen- 
dicularly through half the length of the pendulum as tbe circtuoference of 
a circle is to its diameter. All vibrations of the same pendulum made in 
very small circular arcs are made in very nearly Ihe same time. The 
apace deacribed by a falling body in the time of one vibration is to half tbe 
length of Ihe pendulum as the square of the circumference of a circle ia to 
the square of the diameter. The lengths of two pendulums which by 
vibrating describe similar circular arcs are to each other as the square* of 
the times of vibration, llie times of pendulums vibrating in Bmall circular 
arcs are aa the square n>ats of the lengths of the pendulums. The veloeiqr 
of a pendnlum at tbe lowest point of its path is proportional to Ihe chord 
of the arc through which it descends to acquire that velocity. PendnluinB 
of the same length vibrate in Ihe same time whatever the weights may be. 
From which we infer, that all bodies near the earth's suriace, whether they 
be hearr or light, will full through equal spaces in equU times, the rc^stance 
of the air not being considered. 

The lengths of penduluma vibrating in the same time in different poaitiona 
of Ihe earth's surface are as Ihe forces of gravity in those positions. The 
times wherein pendulums of the same length will vibrate by different forcet 
of gravity are inversely as the square roola of tbe forces. The lengths of 
pendulums vibrating in different places are as the forces of gravity at those 
places and the squares of the times of vibration. The limes in which 
pendulums of any length perform their vibrations are directly as the square 
roots of their lengths, and inveraely as (he square roots of the gravitating 
forces. The forces of gravity at different places on the eartli'a sur^e are 
directly aa the lengths of the pendulums, and inversely as the squares of 
the times of vibralloa. These are tbe chief properties of a simple pendulum 
vibrating in a vertical plane, atid the principal problems that arise in con- 
nection with it are the following, vii : 

To find the length of a pendulum that shall make any number of vibra- 
tions in agiven time; and secondly.having given the length of a pendulum, 
to find the number of vibratioas it will mue in any time given. These 
ore problem* of very easy solullon, and the rules for resolving them are 
simply aa follow; — For the GrsU the rule is, midliptj/ ihttquare of the num- 
iter of Hcondi in tht givm time bt/ Ihe conuUat nuisier 391393, and divide 
Ike prodaci bi/ Ihe tquarc of Ihe number of vibratioiu, for the length of the 
pendulum in incha. For the second, it in, multtpln the square nf the number 
ofiecomLi in Ihe given lime by ihe cantlant number 39'1393, ditide Ihe product 
by the given length of the pendulum in iachti, and eximcl Ihe wguare not of At 
quotient fvr iht number of cil/raiioiu timghl. The number 391393 is the 
length of a pendulum in inches, that vibrates seconds, or sixty time* in a 
miuute, in Ihe latitude of London. 

EiavpLE ]. Suppose a pendulum it found to make 35 vibrations in a 
minule; what ia Ihe distance from the centre of suspension to the centre 
of oscillstion ? 

Here, by the rule, the number of lecondi in the given time is GO ; hence 
we get 60 X GO < 391393 -U090I--18, wbich. being divided by 3Sa39- 
1S2S, gives 140001-48-^ 1S35~115-03I iucbes for the length required. 

KxANPLE 2. The length of a pendnlum between Ihe centre of suspmsion 
and the centre of oscillation is 64 inches ; what number of vibration* will 
it make in 60 seconds? 

By the rule we have 60 X GO <c39'1393' 140901 '4S, which, being divided 
by 64, givet 140901-48-i-6t = 2364-D8S6, and the square root of thia it 



v'2264'OSS6'>4T'S8, number of vibrations sought. When the given 
time is a minute or 60 seconds, as in the two eiamples proposed above, 
Ihe product of the constant number 39-1393 by the square of the time, or 
140901'48, is itself a constant quantity, which, being kept in mind, wUlin 
tome measure facilitate the ptocet* of Mlcnlation in all similar casei. We 
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now relDTD to the wnndention of tba oonkll pendahiiii, or thM in which Die same time; lint if anroi 
tbe ball rerolTU about a vertical axii in tbe eirenniftrence of a circular velocii;^ would be ii 
plane «bi«li i« parallel to the horiion. creaMd. 



If a peadnlmn be nupended from the npper extremitjof aTcrtical axia, 
and be made to revolTe about that axii b; a cimiCBl motion, which comtnuD* 
the revolvine body !o move in the circnmfbrenoe of a circle whou plane il 
parallel to the horiaon, then the time in which the pendnlnm peritinna 
a revolntion about the axii can easily be found. 
Let C D.j'^. 38, be the pendulum in queitian, dupended fh>m C, 
the npper exiremity of the vertical 
axia C D, and let the ball or body B, by 
revolving about the said axis, describe 
the circle B E A H, the plane of which 
it patsllel to the horiton ; it is pro- 
poeed to asngn the time of descrip- 
tion, or the time in which the body B 
performs a revolution sboDt the axi* 
CD, St the diilance B D. 

Conceive tbe oils C D to denote the 
weight of the revolving body, or its 
fbrce in the direction of gravity) 
then, In the Compoaition and Resolu- 
tion of Forces, already treated ot, 
C B will denote the fbrce or tebilon of the siring or wire thai retains the 
revolviiu body in the direction C B, and B D the force teudiug to the 
oeotre ofth* plane of revolution at D. But, by tbe general laws of motion 
■nd Giree* previously laid down, if the time be given, the space described 
will be directly proportional to the force ; bnt, b; the lava of gravity, tbe 
^MefUl^perpendiculBrly fi«m rest, in one second of time, is jo le^feet; 
eonaeqnenUy we have C D : B D : : 16^ : - c d~' '*'* "P"" described 
towards D by the fbrce in B D in one aeeond. Consequently, by the lawi 
of centiipetal famt, the periodie time, or the lime of the body revolving 
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1, it exprened by the term r/, 
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, , ,.', by reducing the expieaaion to iti simplett form, it 

becomes t-0'31986v'CD, where CD must be estimated in inches, and t 
hi tccondt. Bere we have obtained an expression of great simplicity, and 
the practical rale for reducing il may be expressed in words, ai follows: — 
Rule. MMply Hit mptan not of Uit Atiglit, or the diilanee Unotm At 
ptmt 1^ tuipaaiiim and tht cmtn 6f titt lAtwe of ranJutiai, in ixchtt, }ig ihe 
OMttaittfraeAm 031986, aad iMe pratiict mU be At tau o/ remlutiim n 

ExAiFix. In what time will a conical pendulum revolve about it> ver- 
tical uia. inpponng the distance between tiie point of suspension and the 
centre of tbe plane of revolatioD to be 3S'1393 inches, which is the length 
of a simple pendulum that vibrBtei seconds in the lalitade of London } 

Tbe Bqnare root of 39-1393 is 6-35G1 ; conMquently, by the rule, we have, 
8-S5G1 >O-31986''3-O011 seconds for the time of revolution songbt. It 
consequently revolves 30 timet b a minnle, ai it ought to do by the theory 
of the simple pendulum. 

By reversing the proeeta, the height of the cone, or the distance between 
the point of suspension and the centre of the plane of revolution, correspond- 
ing to any given time, can easily be ascertained ; for we have only to 
divide the number of teconda in the given time by the constant decimal 
0-31986, and the square of the quotient will be tbe required height in inches. 
Thns, suppose it were required to find the height of a conical penduluai 
that would revolve 30 times in a minute. Here the time of revolution it 
3 tccondt for 60 -r 30 c^ 3; therefore, by divinon, it iBa-F0-3I9S6-6-aS!T, 
whieh,beingiquved. gives fi'SK37 - 39 -096 1 inches, or the length of a simple 
pendulum &at vibrates seconds very nearly. In all conical pendulums the 
times of revolution, or the periodic time*, are proportional to the square 
roots of the heights of the cones. This is maniftst, for in the fbregoing 
equation of the periodic time the nnmben 6-2833 and 3B6, or IS x 3S), an 
coDltant quantities, cousequentiy I varies at v'CD. 

If the heights of the cones, or the diitanco between the points of soipen- 
sion and the centres of the planes of revolution, be the same, tbe periodic 
time*, or tbe times of revolution, will be the same, whatever may be the 
iwiii of the circlet described by the revolving bodies. This will be clearly 
" ' -i diagnm,^^. 29., where all the 
iiit CD, wiU 
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Half the periodic time of a conical peidnlim it equal to the time of vibra- 
tbn of Bumple peudulnm, the length of which it equal to the axil or height 
of the coue ; that is, tbe simple pendulum makes two otciUationa or vibn- 
tioot from tide to side, or it arrivet at tbe tame point from which it depaitedi 
in the same time that the conical pendulnm revolvei about its aiii. 11m 
space descended by a ftlling body in the time of one revolution of iIm 
conical pendulum is equal to 3-1416* molliplied by twice the height or axia 
of the cone. The periodic time, or the time of one revolution, is equal to 
the product of 3-K16-/2 multiplied by the time of &]ling through the 
height of the cone. The weight of a conical pendulum, when revolving in 
the circumference of a circle, bears the same jiroportion to the centrihgal 
force, or its tendency to fly off in a ttrai^t line, as the axis or heigbt of 
the cone bears to the radius of tbe plane of revolntion ; consequently, when 
the iteigfat of the cone it equal to the radius of its bate, the centripetal or 
centrifugal force is equal to the power of gravity. 

These are the principles on which the action of the conical pendnlnm 
depends; bnt at we thall hereafter have occasion to consider it more at 
large, we need not say more respecting it in this place : before dismiiaing 
the tubject, however, it may be proper to pvt the reader in potteaaon cf 

that are of the most f^ue 

Tbe eatite of otdUalum in a vibrating body b that point in th« line of 
tntpension, in which, if all the matter of the system were collected, aaj 
force applied there would generate the same angular motion in a given 
time as the same force applied at the centre of gravity. Tbe centret of 
oteiilatioD for several Sgnret of very frequent ute, sutpended fioii) their 
verticet and vibrating flatwise, are as follow : — 

In • right line, or parallelogram, or a cylinder of very tmall £ameter, the 
centre of oscillation is at two-thirds of the length ftom the point of sntpen- 
lion. In an isoecelet triangle the centre of oteillaliou it at three-lbiuih* 
of the altitude. In a circle it it five-fourths of the radint. In tbe crantnoa 
panbola il is flTe-teveotiu of ilt altitude. In a parabola of aoy order it . 
^ ( ^ ' ll^ ■ altitude where ndenotet the order of the figure. 

In bodiea vibrating laterally, or iu their own plane, the centres of oaeil- 
latioD are situated aa fbllowt -, namely, in a circle the centre of oscilbtioa 
is at three-fourths <rf the diameter ; in a rectangle, suspended at one of in 
anglet, it is at two-thirds of tbe diagonal ; in a parabola, suspended by the 
vertex, it is five-sevenths of the axis, increued by one-third of the paia- 
meler; in a parabola, suspended by the middle of ilt base, il is four-seventha 
of the aiit, increased by half the parameter; in the lector of a circle it it 
three times the arc of the lector multiplied by the radius, and divided bj 
four times the chord; in a right cone it it fonr-fiftht of the axi* or heigfat, 
increased by the quotient that arites when the square of the ndint of ih« 
base IS divided by five times thehe^li in a globe or tphere it is tbe rtdiut 
of tbe sphere, plus the length of the thread qr which il it suspended, pint 
the quotient that arites when twice the tqoan of the radrni is divided by 
five linet the sum of the radiu and the length of the sotpending thread. 
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Id aU these eases the distance is estimated from the point of suspension, and 
sinee the centres of oscillation and percussion are in one and the same point, 
whatever has heen said of tbe one is equally tme of the other. 



HEAT AND COMBUSTIOir. 

Having now explained at some length the mechanical principles with 
which the student of the steam engine ought to be acquainted if he wishes 
to get to the bottom of the subject, we shall next say something of the 
nature of heat and combustion, an acquaintance with which is equally 
necessary to his proficiency. Upon some, we are aware, these elementary 
elucidations will be thrown away, for the greater number of competent 
engineers are already familiar with such inquiries ; and it is not to be sup- 
poMd that we can add materially to their information upon these preliminary 
topics. But to a far larger number a treatise upon the steam engine would 
be a sealed book without such steps of easy progression ; and our profession 
is, while aspiring to add to the information of the initiated, to open the 
subject of the steam engine up to those unacquainted with steam, or any 
other science. 

There are three modifications of heat of which philosophers speak-; sen- 
sible heat, latent heat, and specific heat Sensible heat is the heat which 
is observable by the thermometer, or discoverable by the senses ; and this 
kind of heat exists in every thing with which we are acquainted ; for, as 
we know of nothing so odd but what it might be colder, there is nothing 
withoot a certain degree of heat in the whole range of our experience. The 
tnatj atmosphere of our own climate, for example, is not so cold as that of 
Rossia, while the Russian atmosphere, again, is more genial than that of 
tbe north pole ; and even at the north pole some times are colder than 
others, and as cold arises merely fit>m a penury of heat, there are variations 
in the degrees of heat even in the coldest situations, and consequently some 
existing and discoverable by the thermometer in all thin^ 

iMtent heat is defined to be that heat which is not discoverable by the 
thermometer, but is expended in producing a change of state, as in the 
liqoefiiction Of ice or the vai>orixation of water. If an open vessel of water 
be placed upon a fire, the temperature of the water will not rise above the 
boUing point, or 212 degrees, however long the boiling be continued, al- 
though the water must have been all the wlule receiving accessions of heat 
from the fire. All the heat received over and above that requisite to pro- 
doce the temperature of 212^ is expended in the formation of steam, but 
dM steam itself does not rise above 212^ ; and on account of the heat thus 
hiding itself^ as it were, in the steam, it is called latent heat The term, 
however, is a bad one, as the obvious explanation is, that heat is capable of 
Modocing two distinct effects ; the one an elevation of temperature with the 
iune volume, and the other an au^entation of volume with the same tem- 
perature ; and these effects are equivalent and convertible. There is, there- 
iart, no more propriety in saying that heat is latent when it does not elevate 
the temperature of a body than when it does not enlarge its volume, for in 
each case the effect proper to the application is produced, and to look for 
an aogmentation of temperature, as well as an augmentation of volume, 
would be to reckon upon receiving die same thins twice over. 

The latent heat of steam is said to be 1000^, which means that it would 
take 1000 times more heat to raise a pound of water into steam than to 
raise it one degree in temperature, or what is the same thing, the heat re- 
quired to raise a pound of water into steam would raise 1000 pounds of 
water one degree. From this it appears that it requires about 5\ times as 
mach heat to raise any given weight of water into steam as would raise the 
same weight of water from the freexinff to the boiling point The freezing 
point is 32^, and the boiling point 212^, so that the amount of difference, 
or the number of degrees through which the temperature has to be raised 
between the fireesing and boiling points, is 180°, and 180° multiplied by ft J 
ii 990, or 1000 nearly. 

Spedfic heat means the quantity of heat contained by one body at a 
pven temperature compared with the quantity contained in another body 
It the same temperature. It by no means follows that the same weights of 
diff»ent bodies at the same temperature contain the same quantities of heat, 
any more than that the same bulks of different bodies contain the same 
qnantities of matter, and the specific heat of a body indicates the quantity 
of heat it contains just as its specific gravity indicates its quantity of matter. 
The specific heats ct a great number of bodies have been ascertained and 
arranged in tables just as their specific gravities, and the specific heat of 
water if taken as unity. 

A great deal of coDdThsion has been cast over the sulject of specific heat 
by iSkt accredited definition of latent heat, which is said to be the heat ab- 
sorbed by bodies during a change of state from solid to liquid, and from 
liquid to aeriform, whereas it ought to be the heat absorbed without elevation 
of temperature, whether there he a change of sUte or not From the want 
of this stipulation, tiie heat produced by the compression of air, or tbe cold 
prodneed by its dilatation, has been ascribed to a change in the specific heat 
of the ur, while the change of temperature due to a corresponding operation 
hi the eaae of steam is set down as being due to a change in the latent heat 
From the experiments of "Watt and others, it appears that the sum of the 
Isimt and senaible heats of steam is a constant quantity very nearly ; so 
tet when steam is expanded, its latent heat is increased m about the same i 
iitio in whidi its temperature is diminished ; yet as there has been no { 
Aange of stale in the case of air, the depression of ito temperature during ex- « 



pansion is charged upon its specific heat, although that element is in reality 
guiltless of the transformation. We have thus the anomaly of that being 
reckoned specific heat in one country 'which is counted latent heat in an- 
other, for the steams of one climate are the gases of a warmer one; and if 
the same laws respecting latent and specific heat be not suffered to hold in 
the case of air, as in that of steam, the conditions of latent and specific heats 
resolve themselves into mere questions of latitude and longitude. Ether, 
which exists in the liquid , form at the ordinary atmospheric tempe- 
ratures of this country, becomes a permanent gas at the equator ; tmd 
many substances which exist in the liquid state at Geneva become aeriform 
at the summit of Mount Blanc ; and the only way to escape from the incon- 
sistencies involved by the present doctrines on this subject is either to de« 
pose the steams from the position they now hold and set them ui>on the same 
ground the airs occupy, or, what, in our judgm^t, is better still, because 
opening a road connecting theory with experiment, to accept the definition 
we have indicated. The way in which this connection is to be made we 
shall now endeavour to show. 

It may not be known to some of our readers that all bodies are supposed 
to be built up of indefinitely small molecules of matter called atoms ; and 
indeed, if it be admitted that there is such a thing as matter at all, it may 
be now taken for granted that it is thus constituted. These atoma are 
never broken up into fragments, but when bodies combine, a certain num- 
ber of the atoms of the one mingle with a certain number of the atoms of 
tbe other, rqecting any excess of either that may be offered beyond the 
proi>ortions proper to the compound, and this is what is understood by 
combining in definite or atomic proportions. Messrs. Dulong and Petit, 
from a number of considerations, have been led to believe that the specific 
heats of bodies are inversely as their atomic weights, or in other words that 
each atom of a body has the lame quantity of heat, so that its specific 
heat will be great in the proi>ortion in which the weight of its atoms is 
small, and consequently the greater number of atoms in it The experiments^ 
however, of these ingenious inquirers did not bear out this view of the case ; 
but the discrepancy arises, in our belief, from the admission of a certain 
proportion of latent heat as an element of the investi^tion, so that the heat in* 
dicated, instead of being the true specific heat is a compound quantity 
made up of latent and specific heats conjointly. In ascertaining the specific 
heat of iron, for example, the plan adopted was to heat the iron to a certain 
temperature, and plunge it into a vessel of water of which the temperature 
was known, and the rise in the temperature of the water was supposed to 
indicate the specific heat of the metat But it is obvious that a contraction 
of the iron would take place when plunged in the water, the heat due to 
which would by its extrication go to increase the temperature of the water, 
and thus vitiate the result If the amount of this heat were to be ascertained, 
and subtracted from Dulong and Petit*s results, we have every confidence that 
the numbers obtained would then bear out their very ingenious hypothesis ; 
and which from other considerations has the strongest probability to support it 
And if the specific heats of bodies vary inversely as their atomic weights, it ia 
plain that they cannot vary with the temperature, provided heat be im- 
ponderable ; for the weight of a body is made up of the weight of the atoms 
of which it is composed, and an atom cannot be heavier if the body be not 
heavier itself. If, therefore, the weights of the atoms be unaffected by 
temperature, and a fixed relation exists between the weights of the atoms 
and the specific heats, the specific beats cannot be affected by temperature 
either, and the specific heat of a body must be the same whether it be in the 
solid, liquid, or aeriform state, so that the specific heat of the same body 
remains unchanged under all its transmutations. This conclusion does 
not correspond exactly with experiment for the specific heat of steam, for 
example, is rated at '847, that of water being 1. But there are very few 
of the experiments on the specific heats of aeriform bodies, upon which 
much dependence can be placed ; as the investigation is one of infinite 
difficulty, from the delicacy required in the manipulation, and the minute- 
ness of the result that is to be caught 



MATUBB OF HEAT. 

There are two theories in the field respecting the nature of heat : the 
one regards it as a material substance, and the other as a mere undnlatory 
motion in the molecules of bodies, or in a highly elastic and subtle fluid 
which pervades all space, and which is capable of transmitting vibrations 
As philosophers still differ upon this sulgect it is not to be supposed that 
we shall perplex ourselves with it especially as engines will work 
equally well whatever theory be the correct one. The inquiry, however, 
is not without interest, as, if the doubt were resolved, we should perhi^ 
have such light thrown ui>on the modes of exciting heat as might greatly 
conduce to economy in steam machinery, and at least we should then be 
able to construct ftimaces more scientifically. If heat be a material 
substance and not a mere quality of matter, the heat produced by the 
combustion of a given quantity of fuel in the internal furnace of a steam 
boiler must either enter the water, or escape up the chimney, and in this 
case the indication would be to make the combustion very slow, in order 
that it may be the more perfi»^ : but, if heat be merely a vibratory motion 
in the particles of bodies, slow combustion may be carried too far, and it 
may become then an indication to cause the heat to be absorbed as near 
as possible to the spot in which it is excited, for the vibratory motions may 
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otherwise become faint or altogether cease without producing any adequate 
effect upon the water in the boiler. 

COMBUSTION. 

Combustion is nothing more than a vehement combination of the con- 
stituents of coal with the oxygen of the atmosphere, and which only takes 
place at a high temperature. In all cases of .chemical combination there is 
a transfer of electricity, and it is essential to combination that the combining 
bodies shall be in opposite electrical states. The rusting, or, as it is more 
learnedly termed, the oxydation of iron, is caused by the combination of 
the oxygen of the atmosphere therewith, and is therefore a process ana- 
logous to the combustion of coke or cinders, which might be described as 
the rapid rusting of carbon. 

To maintain this rapidity of oxydation, it is indispensable that the air 
be quickly renewed, and hence the necessity in a furnace for the existence 
of a draught The atmosphere consists of a mixture of two gases, oxygen 
and nitn)gen or azote, in the proportion of I volume of the former to 4 of 
the latter. The specific gravity of oxygen is 1*111, that of air being 
unity; and the specific gravitv of nitrogen is *9732. Coal consists of 
charcoal or carbon united with Kydrogen and other gases in very variable 
quantity in the different kinds of coal, and intermingled with sulphur and 
other impurities. The most flaming kind of coal is that which contains 
most hydrogen, whereas anthracite and coke contain little or none, and 
the earthy matter present in coal takes during combustion the form of 
ashes. 1000 lbs. of splint coal contains, according to Dr. Thomson, 
647'3lbs. of coke and 352*7 lbs. of volatile matter, while cannel coal 
contains in the same weight only 400 lbs of coke, and as much as 600 lbs. 
of volatile matter. Cannel coal, however, is not used in furnaces, so that 
weneed not consider its peculiarities, nor is the splint coal now much used 
for the generation of steam, except in a few situations, for, although very 
effectual, it bums quickly away, and is not the most economical, ex- 
cept near the places at which it is dug. The Welsh coal appears to be 
the best adapted for the generation of steam with economy, and it consists 
chiefly of carbon, and has very little hydrogen in it. The combination of 
oxygen with carbon forms carbonic acid, and during the conversion the gas 
does not undergo any change of volume but only increases in density. 
The specific gravity of carbonic acid is 1*5277, so that a pound and a half of 
carbonic acid has half a pound of carbon in it, or in other words, every 
pound of coke or Welsh coal requires about two pounds of oxygen for ita 
saturation. But the oxygen is mingled with nitrogen, from which it 
cannot detach itself, and for every two pounds of oxygen that enters into 
combination, seven pounds of nitrogen must pass through the fire, making 
a total of nine pounds of atmospheric air to every pound of coal, supposing 
that all the oxygen enters into combination. But this is never the case, 
and in the great majority of fires eleven or twelve pounds of atmospheric 
air will be required for the combustion of a single pound of coal, at the 
lowest computation, and sometimes the quantity much exceeds this amount 

Smoke is the product of the imperfect combustion of bituminous coal, 
caused either by a want of oxygen or a want of temperature. If analysed, 
it will be found to consist of uncombined carbon, carbonic acid and car- 
bonic oxide, aqueous vapour, bituminous vapour, and the other volatile 
products of coal, nitrogen and atmospheric air, in varjing proportions. 
There is often an intermixture, too, of sulphur, ammonia, and probably of 
C}*anogen. In common language, a furnace is said to bum without smoke 
when no uncombined carbon is visible at the chimney ; but even in such 
cases there may be a great waste of coiubustible material, by the formation 
of carbonic oxide in the furnace, which may be defined to be invisible 
smoke, and which may carry a large amount of carbon, which would other- 
wise have been productive of benefit, into the atmosphere. 

Flame may be defined to be aeriform or gaseous matter heated to such 
a degree as to be luminous, and may be produced independent of any chemical 
change, as is shown in the dischar^ of voltaic electricity through an un- 
decomposable gas. When flame is produced in chemical combinations, 
gaseous matter is always the cause of it. In the fiame of solid substances 
which contain carbon, such as coal, wax, &c, three effects are obser\'able on 
the application of heat, 1st, — Volatilization; 2nd, Decomposition; 3rd, 
Ignition. Thus, in the flame of a candle the wax is first volatilized, being 
converted by the heat into vapour ; this vapour by reason of its specific 
levity ascends into the body of the flame, where it is decomposed, carbon 
is separated, and that carbon by its ignition ib the chief cause of the light. 
Thus the brilliancy of coal gas increases with the quantity of carbon 
entering into its composition, and the flame of the oxy hydrogen blow-pipe, 
where the boat is the most intense that has hitherto been produced, is 
almost invisible. 

If air be admitted to a candle in deficient quantity it will smoke, because 
the oxygen will be monopolised by the hydrogen of the flame, and the car- 
bon must then be thrown off in the form of soot If the temperature of the 
flame of a candle be artificially lowered it will smoke, because after vapor- 
ization and decomposition, not heat enough is left to effect the ignition of, 
the carbon. Thus, if a candle be left with a long wick, so much heat is given 
off fVom it by radiation that the candle smokes. If Uie i>oint of a pair of 
snuffers or any other cold body be introduced into the flame, smoke is pro> 
doced by the diminution of temperature ; or if a small tin pan containing 
water be held over the flame, the bottom of the pan will soon be covered with 



soot, on account of the heat absorbed by the water. The same thing mij 
be shown more strikingly by means of a piece of wire gauze ; if this be 
held in the very base of the flame, no carbon will be deposited on it, fbr 
decomposition has not yet commenced there ; if it be held in the middle of 
the flame it will soon be covered with soot, on account of its cooling action 
preventing the ignition of the carbon resulting fh>m decomposition ; but if 
it be held again at the apex of the flame, no carbon will be deposited, for 
before the particles ascend so high, they have been ignited and converted 
into carbonic acid by uniting with the oxygen of the atmosphere. These 
examples will illustrate the action of a common furnace, in which, if after 
the decomposition of the gas in the coal there ceases to be a sufficiency 
of oxygen to form carbonic acid with the carbon of the gas, there must be 
a production of smoke, when bituminous coal is burned, whatever the 
temperature of the furnace may be ; for carbon has never yet been vaporized, 
or even fused. 

When an inflammable gas is mixed with an uninflammable gas in certain 
proportions, the mixture will not take fire, and cannot be exploded by the 
electric spark. The effect is similar to what would be produced by mrging 
water with oil, and the cause of the phenomenon is the same — the cooling 
agency of the incombustible substance. Thus the various incombustible 
gases have different degrees of power to prevent explosion or combustioo 
according to their densities, or, in other words, according to their cooling 
powers. The efficacy of carbonic acid and nitrogen, and of the surfaces of 
small tubes, or of the wire gauze of the safety lamp, in preventing explo- 
sions in coal mines, arises from the refrigeration accomplished by those 
substances upon the exploding mixture, so that the temperature is no longer 
sufficient for its continuous inflammation. By mixing one part of carbonic 
acid with seven parts of an explosive mixture of carburetted hydrogen and 
atmospheric air, or one part of nitrogen with six parts at the common atmo- 
spheric temperatures, the explosive powers of the mixture are destroyed. 
At the high temperature of afUmace the gases not concerned in combustion 
will have less power in preventing that operation ; and it is found that 
steam and vapours which require a considerable beat for their formation 
will have less effect in preventing combustion than gases at the common 
heat of the atmosphere. It requires a very large quantity of steam to pre- 
vent sulphur from burning. Ox} gen and hydrogen explode by the electric 
spark when mixed with five times their bulk of steam ; and even a mixture 
of air and carburetted hydrogen, the least explosive of all mixtures, requires 
a tliird of steam to prevent its inflammation. 

By an expenment of Rumford*s, it appears that all bodies, whatever the 
activity of their inflammation may be, may be extinguished by cooling 
agency. Even the explosion of gunpowder may be thus arrested, and its in- 
cipient inflammation be extinguished by directing on it a strong blast of air. 
When we blow out a candle, we are indebttMi to the coolinsr aprcncy of a 
blast of uir for the success of tlie operation. A very simple and elegant 
illustration of tlie effect of cold in extinguishing flame may here be stated, 
and is as follows: — Let the smallest possible flame be made by a single 
thread of cotton immersed in oil ; it wUl be found to be about one thirtieth 
of an inch in diameter. Let a fine iron wire of one one hundred and 
eightieth be made into a circle of one tenth of an inch in diameter, and 
brought over the flame. Though at such a distance, it will instantly ex- 
tinguish it ifcold: but if it be held over the flame so as to be slightly 
heated, the flame may be passed through it. That the effect depends en- 
tirely upon the power of the metal to abstract the heat of the flame, 
is shown by bringing a glass capillary ring of the same diameter and 
size over the flame. This being a much worse conductor of heat, will not 
extinguish it even when cold. If its size, however, be made greater, and 
its circumference smaller, it will act like the metallic wire, and require to 
be heated to prevent it fh>m extinguishing the flame. Another similar 
experiment may be made by bringing a small metallic ball near a verr 
small flame. If the ball be cold, or even if it be red hot, it will extinguish 
the flame, but if brought to a state of ignition, it will then cease to produce 
the eftect 

Different degrees of heat inflame the different combustible gases re- 
sulting from the distillation of coal. Carburetted hydrogen mixed with 
air is not ignited by well burned charcoal ignited to the strongest red 
heat Indeed, a fire made of well burned charcoal, that is, charcoal th^it 
will bum without flame, may be blown up to whiteness by an explosiye 
mixture consisting of air and carburetted hydrogen. An iron rod at the 
highest degree of red heat, and at the common degree of white heat, will 
not inflame such a mixture, but when in brilliant combustion it will produce 
the effect The flame of corlxmic oxide will inflame an explosive mixture 
of air and carburetted hydrogen. Olefiant gas and carbonic oxide may 
both be inflamed by iron heated to redness or by charcoal ; and hydrogen, 
which explodes when mixed with three sevenths of its volume of air, 
takes fire at the lowest visible heat of iron and charcoal, and the case is 
the samie with sulphuretted hydrogen. Atmospherical air, when very con- 
siderably rarefied, is rendered unfit for supporting combustion. This hot 
was known to the earlier experimenters ujwn the Boylean vacuum, but 
the subject remained involved in considerable obscurity until investigated 
by Sir H. Davy. lie has shown that flame ceases in rarefied air, not from 
a want of nourishment, but from want of heat, and that if its temperature 
could be preserved by some supplementary aid it might be kept burning. 
It is not, however, by the same degree of rarefaciion of air ihat the 
combustion of all bodies is suspended, for, as might naturally be supposed. 
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AoM vUeh rcqiuM leut heat for their combnitioD bmn in laore ivefied 
•ir th«a tboH irhioh require & higher tempentare ; and again, thoie that 
pradaoo maeh heat by their combostiori bam in more rarefied air than those 
which aTolT« little heat. Tbe following table shows the degreea of rare- 
botion of common air at which the combustion of some iaflammable bodiet 
oeMci, both with and withoat the appendage of a coil of platinum wire. 



OldUat gM eeaiM to bum inairrareGed • • - II to IS dmea 
Carboretted hjdiogen ■---■.•4 — 

Carbonic oxide ■■.•..■.g — 

4SSU} .». . ,u.s - 

SolphBTetted hjdrogen • • • 7 — 

Solphnr IS 10 iO - — 

Fhoipborai 60 - — 

Br pTeterTing heat in rarefied air the bflammation of bodiei may be 
eoODluied, when imder other circumstaocei it would have beeu extinguished. 
Tho* when camphor ii homed in a glaai tube, so as to make the apper 
part of the tube red hot, the infiammation continues eren when the rare- 
aetian b Dine tunes ; whereas it will only contione in air rarefied six 
dmM irtien the camphor is homed in a thick metallic tube, which cannot 
be oonaiderably heated by iL The mechanical condensation of air does 
not adl^ it ti>r inpporting a more vivid cotnbostion. If air be eoadeosed 
five times, and then iron wire be ignited to whiteness within it b; the 
Toltaic ifparatns, the combustion will go on with very little more bright- 
neM than m the common atmosphere, and will not continue, as in oxygeiL 
Charcoal, again, will not bom much more brightlj in this eompreued air 
than in common air ; and indeed the whole of onr experieDce goe* to 
«how that compreuioo of the air does not increase the Tehemenee of 
combustion, proVided always the ur be kept stationary and be not osed ■■ 
aUatl. 

Prom (he eiperimenti of Deipreti* it does not appear that the qnantiiy 
of heat givelt ont by charcoal during combustion is greater or less in 
Wltrifntw oxygen gas than in sas of the common density -, and he is of 
t^Hidoit that toe same unifonmty would be found to obtain in the com- 
luntiou al nlphni' and other bodies which burn in oxygen without a change 
(rfTolome. 

If wc knew the pre^se nature and quantity of tbe combottible matter* 
in tou^ and the tamper«tiire<tf the smoke as it emerges from die furnace, 
we conld, by a ve^ simple calculation, tell what would be the smoiint of 
adnntage or disadnntage resulting flinn the admiuion of a sufficiency of 
air to puftcl the eombostioii, tnppodng tbe cooling agency of the boiler to 
be ilMent. Bnt in all practical cases, this is a quantity which must be con- 
ddttrad, the combnition of amoke being of diniiDiih»l importance when the 
beat generated is not absorbed by the boiler ; and wben the heat is to ab- 
SMlMd, the effect is to eitingnish the fiame, in a way similar to that in 
which the ring of wire operated on the small flame of a lamp in one of the 
experiments we have recited. If the flame resulting from ibv combustion 
of the smoke does not set npon the boiler, no calorific effect can of course 
be obtained from it, and there will be an increased consumption of fucL 
'When it does impinge npon the boiler, there is a danger that the cooling 
agency of the boiler, when conjoined with that of the nitrogen, carbonic 
*Md, and cold air, will to ■^■'"i""'' the lemperalnre that the flame will be 

It has been already mentioned that one part of nitrogen, when mixed with 
six putt of an eiplotive mixture of carburetled hydrogen, or one part of 
caiboDic acid with seven parts, destroys at conunon temperatures, the com- 
boitilMlil]' of tbe mixture. These proportions will of course be very much 
altered at the temperature at which smoke eme^ei fVom a furnace t but 
tren in that case, the temperature of the smoke is so mnch beneath that of 
viable (bme, that the efi'ect of the nitrogen and carbonic acid will neces- 
vily exert a powerful influence ; and the difficulty of consuming or 
obviating smoke is greatly increased, or rather, we should say, allo- 
gathcr Muted, by the presence of these gases. The combustion of smoke, 
Mwever. is by no means imposiible, uolwithstanding these impediments, 
and in large towns the smoke nuisance has risen to so intolerable a pitcli 
that its snpprestioQ we look upon as being now inevitable. During the last 
year a parliamentary commillee has carefully investigated the means by 
which smoke may be done away, and h«s recommended that a bill be 
brou^t into parliament (br the suppression of the nuisance. In this re- 
eonunendation we cordially concur ; kit there ii nothing of which we are 
more confident than that manufscturen and otheis would very quickly find 
Slot means of obviating the smoke emitted by their factories if 11 were made 
penal to produce any. Of the prevention of smoke io the case of house fires 
"we are I^ no means equally sanguine : and indeed the expense of new 
grates or other machinery in all the fire-places of a great city would be a 
^Mrioos barrier to the introduction of such an improvement, eren if it were 
"^"fiim to be feasible. But in the case of furnaces, and oilier close fires, 
•^i^t bave DO sneh doubts ; and as tbe question of smoke-prevention forms 
.acB«t only a part of tbe general subject we have undertaken to discuss, but 
,M>^ ofgrtM uUerett at Uie pretent moment to almott every member of the 



community, we shall here introduce such remarks npon the sulgect as, 
without leading us into any practical detail^ will indicate some of the 
modes in which the desired innovation may be accomplished. 

The whole of the smoke-buming furnaces that have been hitherto pro- 
jected may be classed roughl; under two general heads. In the one the 
smoke is burned by patling through, over, and among the burning ftieli and 
in the other it i* eonsAmed by the admission of a stream of air at the 
bridge, or in some other part, to mix with and consume the smoke afler it 
has lefl the fire. It is necessary, indeed, in all casei of tbe combnstion oi 
smoke, that air shoold be present ; for carbon, by which the colour of 
■moke i*imparted,cannotbe fused or dissipated in any way within a fiimace 
without oxygen ; but in some cases the oxygen already mixed with the 
smoke is sufficient fbr its combustion ; and all that is wanted in such a 
case it ita sulyection to an elevated temperature. Papin prapoaed to con- 
sume smoke by causing the draught to pass down through a fire, and this 
draught might be maintained by means of his cylindrical blower or &n. 
This scheme wat in part revived by fivnklin, who contrived a stove for 
homing its own smoke in which the air descended through the fuel. Watt 
employed in Ms early irialt a hopper through which a current of air wat 
solicited to descend ; but he found this difficult to manage, in consequence 
of the caking of the coal ; and he in contequence relmquithed the plan 
in bvoor of a dead plate at the mouth of tbe fiimace, which when con- 
Joined with a tlow comboition and cu«fhl firing, it found to be very 
efieotuaL The raw coal is first placed upon this dead plate, upon its intro- 
duction to the fhmace ; and the smoke and gatee proceeding from the coal 
on the application of heat are cODsnmed in psaung over the incandescent 
fueL Id tome cates, air is admitted at the fumace door, and in other cases 
not, the altemalive being contingent upon the rsfiidity of tbe draught and the 
thickness of the stratum of fiiel maintained on the fire ban ; for when the 
draught is quick and the fire thin, enough uncombioed oxygen will escape 
up through the fbel to accomplish the inflammation of the combustible 
parts of the tmoke. The coal in this plan has to be pushed back from the 
dead plate into the active part of the fdmace as soon as its gases have been 
expelled : an operation attended with more tronble thu the ordinary 
method of firing, and therefore vwy generally neglected. 

Tbe method of admitting ur, either at the bridge or in some situation 
beyond it, in order to accomplish the combustion of the smoke, is, in the 
case of fhrnacet unprovided with any feeding mechanism, attended with 
the very obvious objection that it is a thing impossible duly to apportion 
the admission of the air to the varying wants of the fire ; so that there will 
generallly be either too little air gaining admittance, or too much — in the 
latter case not merely interfering with the combustion of the smoke, bot 
seriously cooling the boiler. With very careful and KUKtific firing, indeed 
SDch as an experiment may obtain, the smoke is found to be very ^ectnally 
obviated by the admission of air, and a saving in fuel to the extent of 13 
or Ii per cent, may be realised ; hut under the average circumstance* of 
firing there is no gain by the admission of air, but ratber a lots; and the 
plan, therefore, thongh often revived, and sometimes under very imposing 
names, by successive projectors, has never been brought into extended 
practice. It is only in cases wliere self-acting fire-feeders are employed, 
that the plan of burning smoke by an admission of air into the flue is at 
all applicable ; for there tbe production of smoke being nearly unifbrm, the 
air orifice maybe adjusted with much nicety to its requirements, and need* 
no subsequent alteration. Even under this modification, however, we do 
not look upon the plan for consuming smoke by admitting ur al tbe bridge 
or in the duet as the best that is available ) and the addition of fire-feeding 
mechanisms would be a heavy expense as a preliminary condition, and 
could not be applied to existing boilers in all cases. 

We reserve for the practical part of this treatise any thing that we may 
have to tay respecting tbe merits of the rival smoke-bnming schemes that 
have latterly contended with one another for the countenance of the public : 
bnt we would here desire to explain, that the method by which the nuisance 
of tmoke might in the most difficult cases, as in steam -vessels, be most 
easily and ^ectoslly obviated, lie*, in our apprehension, in leading the 
smoke witboot any new intenniiture through a perforated flre-brick bridge, 
which would answer very nearly the same purpose at a second Sre. Thia 
bridge, however, to be effectual, would require to be of a considerable length, 
and should have several breaks in it, so as to agitate the tmoke in its pas- 
sage ; but at the same time it should be so made as to be capable of being 
easily cleared, for a crust of ashes will be found to form npon the fire-brick 
sorfhce. which will require to be swept away occasionally. The depth of 
fire upon the bars, and the intensity of the draught, must of course be so 
regulated, that air enough will ascend through the flic to accomplish the 
combustion of tbe smoke, and it is important that the fire be fed often and 
m small quantities at a time. But if the smoke be agitated when in a hot 
stale and at the same time tbe ordinary excess of oxygen be present, the car- 
bonaceous portion of the smoke will be burned very effectually. Furnaces 
will generally cease to smoke when a very bad back-draught comes upon 
them, as the agitation of the air in that case facilitates the combination of 
the combustible parts of the smoke, with its intermiogted oxygen ; and iu 
an air fumace for melting iron, where the tmoke is deflected down npon 
the bot metal, all appearance of carbon ceases wben the furoaee has reached 
an elevated temperature. Nor is this owing, in the cases to which wc 
allude, to the formation of carbonic oxide, but arises merely from the com- 
bottioo of the smoke in consequence of the agituion it undergoes on the flams 
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bed, and the hi^ tempentim to which it u lalgectid. It would no doubt 
greatly bdlitUe the bumiDg of imoke in furoaeei geDerallj' if the beat 
vere pnTsnted fMn entering the water of the boiler by a Itre-brick caung, 
Of tome other laeh meana, until after the imoke had been conioined, fbr 
the tempeiatare tbna retained would mucb facilitate combustioD. Bat it 
u not eeiiain that ■ Iom of effect would not reioll from Ihia innoratioD, 
though if the heat producible bj a omt of coal be a couatant qoantity , and 
cannot ceaia to eiid without prodacing a correapooding effect npon other 
bodiea, it ia difficult to aee in what way a iota of eOieet ii poaaible. In 
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the furnace, a proportionably grealer unoun 

the flnei ; but the aabject ii inrolred in too . _ _ 

to any hypothesia, and we have u jet no ezperimenta npoD thlt point that 

are adequate to resolve our doubta, 

A good deal of interest haa been at Tarioui timet excited by the peculiar 
fonnation of the Coniisb boiler; one property of which ia,tliBt it generates 
iteam with very little mioke, as well as with considerablB economy of ftiel. 
This result ia uinatly attribaled to alow combustion ; and certainly a most 
important tUng in the draigu of any meaiures for the combustion of amoke 
ii to give as much time ai can be horded for accompliahtng the combina- 
tion, aa well as to make the intenningled gaiei as homogeneous as pooible. 
A large part of the imokeleti virtae of the Comiib bouera, however, ia to 
be attributed to the nature of the coal oiually employed there, which con- 
tains very little hydrogen ) and couaequently only a amall proportion of 
that bituminous material out of which smoke is fbnned. These circum- 
stancea. whatever be their several values, certainly, when taken together, 
go to produce a very aatisfactory result ; and in boilen operating on the 
Cornish pUn, and with the Cornish, or rather the Welsh fiiel, an almost 
inijipTectable quantity of smoke ia generated Several of these boilen have 
of late years been set up in London, and fiunish certainlv asuange contrast 
to the vehement smoking of the ordinary metropolitan fires. Of these the 
boilers employed for driving the machinery of Mr. Thomas Cnbitt's factory , 
at Vauiiiall Bridge, has probably attracted the most attention ; and no 
one, indeed, looking to the small quantity of smoke which escapes fh)m that 
monument^ chimney, could imagine that there was a boiler of any kind in 
that situatiDU. The necesnty of using Welsh coal, however, to produce 
this result, i* cert^y an objection in the case of London furnacea, for 
Welch is dearer than Newcastle coal in the metropolis ; yet this extra ex- 
pense is but a small consideration when put against the inconvenience and 
insalubrity caused by smoke in large cities, and it should, we think, be 
made imperative that thoae who do not feel disposed to dispatch their smoke 
by any other method abonld use the Welsh or some other smokeUu coal, 
so that they may cease to be with impunity manu&ctorera of a nuisance. 
The greatest manafactarers of smoke, however, in London, are the brewer*, 
distillers, and chemical manubcturera, to whose operations the eipedienta 
of the Cornish boiler will probably not apply- Bat there will Tcry eoon be 
discovered expedients that will apply in every case if the prodoctlon of 
•moke be only made punishable. Those who cnr out the moat loodly 
against the hardship of being compelled to extinguish a nuisance which is 
not known to be tnsceptible of abatement, are in most cases conscious all 
the while that the prevention of smoke is possible, though it at fint might 
be attended with tome tronble, and they will be very quick in finding a 
remedy when theii worki are prohitnted against going on upon any other 
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Steam, as all our readers know, is an elastic fluid generated fixim water 
by the applica^n of heat It is, in taet, water ia a high state of rareftc- 
tion, or so impregnated with caloric, or the matter of heat, as to assome 
the state of an aeriform or ehulio fluid. When ateam is confined in a 
dose vessel In contact with the water that produces it, the effort by which 
it endeavours to expand itself and enlarge its volume, or to separate the 
parts of the vessel that confines it and set itself free, is called the daitic 
force of steam. In estimating the mechanical action of steam, the intensity 
of its elastic force must be referred to tome known standard measure, such 
as the pressure which it exerts against a square inch of the sur&ce that 
contains it, usually reckoned by so many pounds avoirdupois upon the 
square inch. The intensity of the elastic force is also estimated by the 
inches in h«ght of a vertical column of mercury, whose weight is eqoal 
to the preasure exerted by the steam on a sur&ee equal to the base of the 
mercunal column. It may also be ettimaled by the height of a vertical 
column of water measured in feet ; or generally, the elastic force of any 
fluid may be compared with that of atmospheric ur when in its usual 
state of temperature and density: this is equal to a column of mercury 30 
inches or 2^ feet in height 

When the temperature of steam is increased, respect being had to its 
density, the elastic fbrcn, or the effort to separate the potts of the con- 
taining vessel and occupy a larger space, is ^k> increased ; and when the 
lemperatore is diminished, a corresponding and proportionate diminutioD 
takes place in the intensity of the emancipating effort or elastic power. It 
consequently fallows that there must be some law or principle connecting 
.v. ,. . 1— ;.!, :.. .i-^:-r J __ -.-^ — -^ tcquaint- 
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a to far as it is known, most be of the greatest im- 
portance in all our reaearclies respecting the theory and the mechanical 
operations of the ttean agat. The precise form of the eipresuon which 
expoonds the tme mathematical law or principle of elasticity, has never 
yet been rigorously ascertaiued, but recent investigations have put as in 
posseasioD df numerout empirical tbrma, b^ which the results of several 
classes of very delicate and valuable eipenmenta are represented with a 
sufficient degree of exactitude to answer ^ the demands of practice. These 
fbrms we mean to compare with one another, in order to deduce an 
expression that may best represent the avenge results obtained, and 
may at the same time be easily applicable to the nset of the prttctical 
engineer. 

It is not our intention, however, nor would it be consistent with the plan 
of oor performance, to trace the steps of investigatioD In whi^ these moltt- 
tudinons rormulee havebecnelicited; but we may stalethatthe general mode 
of procedore is by reference to a curve of such a natore, that the co-ordi- 
nates are respectively indicated by tbe tempeiatare cf the steam, and the 
corresponding elastic force. This curve will be Tariously eipoonded 
according to the manner in which it is considered, bat in every caae, the 
exponent expressing tbe order or degree of the curve, is that which 
indicates the law of elasticity, and is that only whose value can be expreased 
by a legitimate formula. The other constants or coeScieats by which the 
equations are affected, having their values depending on some gratuitous 
eonditiona, are beyond the power* of a direct analysis, and are, therefore, 
only deducible by some indirect process of approximation or trial and error, 
a mode of procedure often reaoited to by analf tt* in redoeiiig expreaaiont 
of a complex and intricate cbameter. But notwitliBtanding that it ii 
foreign to our plan to enter into long and elabonte disaertstioiw respecting 
the dilatation and compression of elastic fluids, we duMld yet consider onr 
labours as being *ery imper^t, did we not, in one instance at least, lay 
before oar reodet* the method of detecting the law tA elsttieity; and in 
order that the process may be the more camly understood, we shall pre- 
viously resolve the following very el^anl and useful problem ' — TojaA a 
theorem, by horj o/'ioAicA i( luy be ojcaiaauii lehen a general lau entla, 
and to delBmau vAat tliat taie tt, la cases where it u huam to obtnai. 

Suppose, fbr example, that it is required to assign the nature of the law 
that subsists between the temperuture of steam and ita elastic tbrce. on tbe 
supposition that the elasticity is proportional to tome power of the temper- 
ature, and unaffected by any other constant or coefficient, except the 
exponent by which the law is mdicaled. Let E and e be any two values of 
the elasticity, and T, (, the corresponding tempenturea deduced from 
observation. It is proposed to ascertain the powen of T and f, to which 
E and c are respectively proportionaL Let a denote the index or ex- 
ponent of the required power ; then by tbe conditions of the problem 
admitting that a law exists, we get, T" : r :: £ : ei hut by the prin- 
ciples of proportion, it is^— ^i and if this be expreaaed logaritbmi- 



caUy, it U a^log.^. 
a, it finally becomes 



log.g, and by reducing the equation in respect of 



lo g, e -log. E 
■"log. (-log. T 

The theorem that we have here obtained it in its fbim sufficiently 
simple for practical application i it is of A^nent occurrence in physical 
science, but especially so in inquiries respecting the motion of bodies moving 
in air and other resisting media ; and it it even applicable lo the determin- 
ation of the planetary motions themselves. The process indicated by it in 
the case that we have chosen, is umply, To divide Ae differrmce of the 
hgariOmt of ike elaitkitia by Oa difference af the lagarilJaiu of Ae eerrt- 
epomlijig teamratureM, and Ae qmotienl icill txprtn Aat pova of the tempera- 
tare to tehkh (Ac ^tuttcily it proportiotal. 

Take aa an example the following data: — In two experiments conducted 
by Mr. Southern, with his cnstomary attention to accuracy, it was found 
that when the temperature of steam was S50'3 and 343-G degrees of Fahren- 
heit's scale, the corresponding elastic forces were 59'6 and 2381 inches of 
the mercurial column respectively. From these data it is reqtured to 
determine the law which connects the temperature with the elastic force 
on the supposition that a law does actually exist under the specified eon- 
ditiona. The process by the rule ia aa follows : — 



• —0-1368333 

Greater elastic force, S3S-4 • • • - log. 1-3773063 
Lesser elastic force, 59-6 log. I77S146S 

Remaiader .o-60SOeoo 
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Let tlie feoond of these remainders be divided by the first as directed in 
the rale, and we get »» 6020600 -i- 1368333^4 -3998, the exponent sought. 
Conseqoently, by taking the nearest unit for the sake of simplicity, we 
shall hare, according to this result, the following analogy, viz. 

that is, the elastidties are proportional to the 4.4 power of the tempera- 
tures very nearly. 

Now this law is rigorously correct as applied to the particular cases that 
fbrnished it : for if the two temperatures and one elasticity be given, the 
other elasticity will be found as indicated by the above analogy ; or if the 
two elasticities and one temperature be given, the other temperature will be 
found by a similar process. It by no means follows, however, that the 
prindple is general, nor could we venture to affirm that the exponent here 
obtained will accurately represent the result of any other experiments than 
those from which it is deduced, whether the temperature be higher or 
lower than that of boiling water; but this we learn from it, that the index 
which represents the law of elasticity is of a very high order, and that the 
general equation, whatever its form may be, must involve other conditions 
than those which we have assumed in the foregoing investi^tion. The 
theorem, however, is valuable to practical men, not only as being applicable 
to numerous other branches of mechanical inquiry, but as leading directly 
to the meUiods by which some of the best rules have been obtained for 
calculating the elasticity of steam, when in contact with the liquid from 
which it is generated. 

We now proceed to apply our formula to the determination of a general 
law, or such as will nearly represent the class of experiments on which it 
rests ; and for this purpose we must first assign the limits, and then inquire 
under what conditions the limitations take place, for by these limitations we 
must in a great measure be guided in determining the ultimate form of the 
equation which represents the law of elasticity. 

The limits of elasticity will be readily assi^ed from the following con- 
siderations, vis. : in the first place it is obvious that steam cannot exist 
when the cohesive attraction of the particles is of greater intensity than the 
repulsive energy of the caloric or matter of heat interposed between them ; 
for in this case, the change from an elastic fluid to a solid may take place 
without passing through the intermediate stage of liquidity ; hence we infer 
that there must be a temperature at which the elastic force is nothing, and 
this temperature, whatever may be its value, corresponds to the lower limit 
of elasticity. The higher limit will be discovered by similar considerations, 
for it must take place when the density of steam is the same as that of 
water, which therefore depends on the modvlvs of ekuticify of water.* 
Thus, for instance, suppose a given quantity of water to be confined in a 
close vessel which it exactiy fills, and let it be exposed to a high degree of 
temperature, then it is obvious that in this state no steam would be 
produced, and the force which is exerted to separate the parts of the vessel 
IS simply the expansive force of compressed water ; we therefore have the 
following proportion. As the expanded volume of water is to the quantity 
of expansion, so is the modulus of elasticity of water to the elastic force of 
steam of the same density as water. 

Having therefore assigned the limits beyond which the elastic force of 
steam cannot reach, we shall now proceed to apply the principle of our 
formula to the determination of the general law which connects the tem- 
perature with the elastic force ; and for this purpose, in addition to the 
notation which we have already laid down, let c denote some constant 
quantity that affects the elasticity, and d the temperature at which the 
elasticity vanishes *, then since this temperature must be applied subtractively , 
we have from the foregoing principle, c £ « (T — 9y, and ce^(t— 8)*. From 
either of these equations, therefore, the constant quantity e can be deter- 

CT — 9Y 
mined intermsof the rest when they are known ; thus we have c=^^ — p~^* 

tnd e » ^ -, and by comparing these two independent values of c, the 

value of n becomes known ; for ^ — "I. ^ ^ ^ ~ ^ , and consequently 



log, g— log. E 



.(A). 



log. (<-«)— log. (T-8).- • 

In this equation the value of -the sjmbol 8 is unknown ; in order therefore 

to determine it, we must have another independent expression for the value 

of n ; and in order to tiiis, let the elasticities E and e, become £' and c' 

respectively ; while the corresponding temperatures T and t assume the 

values T and f ; then by a similar process to the above, we get ^ ^, ^ ^ 



(f-J) 



, and 



log s*- log. E' 



.(B). 



log.(r-a)-.log.(T'-8) • 

Let the equations (A) and (B) be compared with each other, and we 
shall then have an expresnon involving only the unknown quantity 8, for 

* Th0 nodnlat of dattidtT of any tubttanee it the meMure of Ita eUctic force ; tluU of 
•rater at 60^ of CoBpcratnre \% 11,100 atmospheres. 



it must be understood that the several temperatures with their corre- 
sponding elasticities are to be deduced from experiment; and in conse- 
quence, the law that we derive from them must be stricUy empirical ; thus 
we have 



log. t — leg. E 



logs'— log. E' 



.(C). 



log.(t-8)-log.(T-8) log.(f-8)-log.(T'-8) 

We have no direct method of reducing expressions of this sort, and the 
usual process is therefore by approximation, or by the rule of trial and 
error, and it is in this way that the value of the quantity 8 must be found; 
and for the purpose of performing the reduction, we shall select four of 
Mr. Southern's experiments, whi<m in a letter to Mr. Watt he describes as 
having been performed with great care, and may consequentiy be con- 
sidered as representing the law of elasticity with very great nicety. They 
are as follows : — 

Tb212'0<> Fahrenheit £» 29*8 inches of mercury. 

f«250*S e- 59*6 

T'»293-4 £'-119-2 

rB343-6 e'-i238'4 

Therefore, by substituting these numbers in equation (C), and making a 
few trials, we find that 8 a —50^, and substituting this in either of the equa- 
tions (A) or (B), we get »-«5*08 ; and finally, by substituting these values 
of 8 and n in either of the expressions for the constant quantity c, we get 
rB64674730000, the 5*08 root of which is 134*27 very nearly; hence 
we have 



1 134*27 



}~ 



.(D). 



Where the symbol F denotes generally the elastic force of the steam in 
inches of mercury, and t the corresponding temperature in degrees of Fah- 
renheit's thermometer. The logarithm of the denominator of the fraction 
is 2*1279717, which may be used as a constant in calculating the elastic 
force corresi>onding to any given temperature. We have thus discovered 
a rule of a very simple form, by which the results of Mr. Southern's ex- 
periments are represented with considerable accuracy; the rule errs in 
defect ; but this might have been remedied by assummg two pbints near 
one extremity of the range of experiment, and two points near the other 
extremity ; and by subratuting the observed numbers in equation (C), 
different constants and a more correct exponent would accordingly have 
been obtained. Mr. Southern has, by pursuing a method somewhat ana- 
logous to that which is here described, found his experiments to be very 
nearly represented by 



1.135*767 J 



%'\% 



But even here the formula errs in defect, for he has found it necessary 
to correct it by adding the arbitrary decimal 0*1 ; and thus modified, it 
becomes 



^ rt+51*3 -J »*i« ^, 
^»|l35y67| +'•' 



. . .(E). 



Our own formula may also be corrected by the application of some 
arbitrary constant of greater magnitude ; but as our motive for tracing the 
steps of investigation in the foregoing case was to exemplify the method 
of determining tiie law of elasticity, our end is answered ; for we consider it 
a very unsatis&ctory thing merely to be put in possession of a formula 
purporting to be applicable to some particular purpose, without at the same 
time being put in possession of the method by which that formula was 
obtained, and the principles on which it rests. Having thus exhibited the 
principles and the method of reduction, the reader will have greater con- 
fidence as regards the consistency of the processes that he may be called 
upon to perform. The operation implied by equation (E) may be ex- 
pressed in words as follows : — 

Rule. To the given temperature in decree* of Fahrenheit 8 thermometer add 
51*3 degrees and divide the turn by 135*767 ; to the 5*13 power of the 
quotient add the constant fraction -fj^ and the sum will be the elastic 
force in inches of mercury. 

The process here described is that which is performed by the rules of 
common arithmetic ; but since the index is affected by a fraction, it is 
difficult to perform in that way : we must therefore have recourse to 
logarithms as the only means of avoiding the difficulty. The rule adapted 
to these numbers is as follows : — 

Rule fob logarithms. To the given temperature in degrees of FahrenheiCs 
thermometer add 51 *3 degrees ; then^from the logarithm qf tie sum subtract 
2*1327940 or the logarithm of 135*767, the denominator of die fraction ; 
multiply the remainder by the index 5*13, and to the natural number 
answering to the sum add the constant fraction j^ ; the sum wiU be the 
elastic force in inches of mercury, 

Exampie, If the temperature of steam be 250*3 degrees as indicated by 
Fahrenheit's thermometer, what is the corresponding elastic force in inches 
of mercury ? 
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Bjthendeitia a50-3-«- 



satmlDnmber 60-013 log. 1-7783493 
If tbit ba uicreM«d by J^ ve gel 60*113 inche* of mereu-j far the elude 
forM of Mcwii at 190-3 degreei oF Fobreobeit. Oar own roimnlA g^xet 
09'G inch*!, being one of the poLnu employed in lu derivition ; ve bow' 
tnt hj no niewu adriM the ipplicition of this formolo, ve only (tele tbe 
circiuiiitsnM m * proof of the eauadneu of tbe principle on which it ii 
foniided ; and if we had adopted tbe ume points in tbe nnge of experiment 
that Mr. Southern employed, it ii more then probeble that we (hould have 
obtained the wma resnlt, which would hsTe been ■ conTiacing proof that 
he pDTfBed a mMbod analogoot to oar own, a circDcutance that ii im- 
mediaiely inSm«dfhim thebrm of the eqaslton itself 

Bj nmply reretung the proceit or tnuupoeing eqoatiaa (E), the tem- 
peratore eomptmding to any eiTen elattio fbree can eaaily be found ) the 
tcandbnned ezpraiuon is as fi^vs, tii., 

(-I35-76T{F-0iyW-81-3 ....(F). 

Knee, in consequence of the complicated index, the proeees of calculation 

cannot easily be perfbrmed by common aritlunetic, it is needless to give a 

rale fbr reducing the equation in that way ; we shall Iherefbre at once give 

the rule tbr performing the process by logarithms. 

RtJLx. JWiia lAefipea daiticforet I'a vuha nf ncrc ury nAlracI On roiutaiit 

fraetiOH O'l } Jitndt (Ae lagarillim of ttt rtmainder hm A'13, tad to lie 

qaMaUaddAtlogariAm £-1397940 ; find At natural wiaAtr a»tKtri»g 

ttAenmoflht&gari&mtyaiidfion Iheuurndtr Vaa finmd tiJitmet Ou 

cmtttatU Sl,3, lad Iht rauiindtr mil U Ac loKptrattirt tought. 

Ezampk. Supponng the elastic force of tletm or the vapour of water to 

be equiTalent to the weight of a vertical column of mereury, the height of 

which is 338-4 inches; what is the corresponding lemperalure in degrees 

of Fahrenheit's thermometer? 

Here, by proceeding ai directed in the rate, we have S38'4 — 0-t-33S'3, 
and dividuig the logarithm of thii remainder by the constant exponent 
fi-13, we get 

h>g. 838-3-!-a-13 - 3-3771340 +5-13 = 0-4633770 

constant coeffldent —135-767 - - log. 3-1337940 add 



— 343-31 degrees of Fahrenheit's thermometer. 
The tempeiatarc by obserratiou i* 3436 degrees, giving a differenoe of 
only 0%> ^ a degree in defect, being as small an ettw as can well be ex- 
pected when a comptited reenit is compared with another deduced ftam 



low temperature or low pressure steam, 
the nmple pressure of the atmosphere, this formula as modified by 
Pamboor agrees very nearly with the remit* of eiperunent, and when 
transformed into the measure* generally used in practical ' — '-— '" 



p -0-04948 + fr^ 



■ (G). 



In which equation the symbol p denotes the pressure in pounds aroir- 
dupoii per square inch, and ( the temperature in degrees of Fahrenb 



(-155-73fi6(p-0-04948)'"-8]-3 .... (H). 
We have dwelt thus particularly on Mr. Soulhera's formula, because it 
ha* long been considered by men at high authority as giving more correct 
results than can be obtained Arom tbe rales deduced by other eiperimenl- 
alists ; indeed, lisd it been applicable with equal correctne** to all tempem- 
tures within the range of practice, nothing more «as wanting to enable the 
practical calculator to deterruine the several partiealars coimected with the 
application of steam sa regards it* pressure and temperature ; but finding 
it to deviate considerably &om tbe trath in high ranges, men of science 
became deairou* of possessing a rule, by which the results of experiment 
should be more nearly represented, and accordlogly we find that some of the 
most eminent ehemical philosophers have had (heir atlentiau directed to the 
aul^ect. and their j<nnt researches havesnpplied us with numerous formula 
for represendng Uie law which connect* the temperature of sleam with ita 



elastic foroe. The formnlaofTredgold iswell known; itisalsofoandedon 
the experiments of Mr, Southern, and represents liis results with great ac- 
curacy as tkr as Ihey extend ; it conslitntes one of tbe simplest and moM 
elegant eiprenions for representing tbe law of elasticity that has yet been 
fbnnd, and this it owes to the circumsiauce of involving no fiictiona] nnm- 
ben; but this very cireomnaoce has caused it to be olgected to by sug- 
geiting the idea that the constants an merely assumed, and not deduced 
by a legitimate process from the experimental data. The equation, in it* 
original form, is 

177/'-(+10O. . . . (I): 
wherey denotes the clastic force of the sleam in inches of mercury, and 
( the temperature in degrees of Fahrenheit'* thermometer. The same 
formula, u modified and corrected by M. Millet, become* 

I79-O773/'-.(+103 . . . . (K). 

Thia expretsion is something mo* complex than the one it ii intended 
tosnpertede: buton trial we do not find itioprodacemore correct results) 
our readers however can employ the one or the other aa they feel inclined. 

Dr. Thomas Young coostrucled a formula which was adapted empirically 
to the experiment* of Dr. Daltoo; it aasumed a form sufficiently simple and 

elegant, but involved a very high exponent ) it is thn* expreated 

/-{1+0-0O3B0' .... (L)! 
where the symbol / denotes tbe alaitic fbrce a 
moephere* of 30 inehet of meranry, and 1 die Ian 
mated above 91S of Fahrenheit TU* formula ia not applicable in ptaotice, 
specially b high temperature*, a* it deviate* nry widely and rapidly ftam 
the reaoltt of observation : it is chiefly remaikable a* bemg made the >i««»t 
of a nomerous class of theorems somewhat varied, but of a more correct and 
aa t i sh etory character. Mr. Creigluan ^i{died a similar expreasiou to Dr. 
lire's experiments! but in order lo repreeent them even approiimatety, he 
found it necesnry to ohange tbe constant exponent tram 7 to S, making at 
the same time a correspondeot alteralion oa the other constants which the 
expresnon contain*. The Cunmisnon of the French Academy rapresenied 
their experimenu by means of a formnlacaittnicted on the sane principlet : 
it i* thus expressed — 

/-(l + 0-71S3i)' .... (M); 
wheny denotes the elastic force of the steam expretied in atmospliera 
of 0-7G metres or 39-933 inches of mereury, and t tbe temperature esti- 
mated above 100 degrees of the centigrade thermometer ; hut when the 
same tbrmnia 1* to transformed a* to be expressed in the uiual term* 
adopted m practice, it is 

;>-(0-3B79+0-OO675BSi)'. . , . (N): 
where p is the pre*»ire in pounds per square inch, and ( the temperature 
in degrees of Fahreubeit't scale, estimated above SIS or simple atmospheric 
pressure. 

The committee of the Franklin Institute adopted the exponent B, and 
changed Dr. Young's conatanta 0-0039 into 0-OO333 ; thus modified, they 
represented their experiments in the usual terma by the equation 
ji-(0-4S0467 + 0-00S3H78 J/. . . . (0). 

By combining Dr. Dallon's eiperimeuli with the mean between those of 
tbe French Academy and the Franklin Institute, we obtain the (Allowing 
equations, the one being applicable fbr temperature* below 313 degr e es, and 
the other for temperatures above that point as fbr as 50 atmoapheres. 
Thus, for low pressure steam, thia is, fbr Meam of Icn tcmperalore than 
313, it i* 

'-mr- ■ ■ ■<-'• 

and for (team above the temperature til 313, it i* 

f-mr- ■ ■ •<«> 

Id cooseqnence therefore of the high and imposing aathority fhmi which 
these formulee are deduced, we shall adopt them in all our subsequent cal- 
culations relative to the steam engine i and in order to render their appli- 
cation easy and familiar, we thall translate them into rules in word* at 
length, and illustrate them by the resolotion of appropriate numerical 
example*; and for the sake of a systematic arrangement, we think proper to 
brand) the sulject into a series of problems, as follows: — 



inciet of mi 

The problem, a* here propounded, is resolved by one or other of the two 
last equations, and the process indioaled by the arrangement ia thus 
expressed; — 

BtrLX. To the given temperature expressed in degrees of Fahrenheit'* 
thermometer, add the constant temperature 17S; find the logarithm an- 
swering to the sam. fhnn which subtract the constant 3-587711 ; multiply 
the remiiuder by the index 7-71307, and the product will be the logarithm 
of the elutic force in atmospheres of 30 inches of mercury when tlM given 
temperatnre is lecithan 313 degrees. Bal when the temperature is gresier 
than 919, increase it by 121 ; &en, fl^im the logarithm MT the lemperatore 
thu* increased, snbtrsct the constant logaritlmi 3'S13444, ainlt^y tha 
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nmainder by the exponent 6'43, and the product vilt be thi logirithm of 
the elulic force in &tmaaphere« of 30 inchea of mercnir ; which being 
multiplied by SO wili giTC the fiirce in incho, or if mnltiplied by li-76 
the roult irtll be eiprened in pounds aioirduptus per aqoare inch. 

ExtampU. When (team i> generated under ■ temperUore irf 187 degreei 
of Fihrenhdt's thermometer, what ii iti correapooding elMtie force in at- 
Boqiherea of 30 inchei of mercury 1 

In thii example, the giT«n temperstore ii len than SIS degrcM : it irill 
therefore be lewlTcd by the fint dame of the preceding rule, in vhich the 
•ddiliTe eonitant b 179 1 hence ire get 

187 + 175 -SBB - - log; a-5SB709 
OsMtnit difiMW — 387 - -log. 3-5B7711 nbirw^ 

9-970998x771307-9773393 
And the OMTeeponding natural nnmber ii 0*9934 atmotpherea, or 17-809 
incbea of mercnry, the elastic force required, or if expreaied in poonda per 
tquare inch, it ii 0-5934 x 147e-8-76tbi.verynearly. If the temptrature 
be ISO degree* of Fahreohett, the proceai ii aa follow* -. — 

SM-hlSl " 371 - • log. a-569374 
Conctant diTitor - 333 - -log. S-S23444 inbtract 

0-O4693O X 6-42-0-301391 
And the corresponding natorsl number is S-0013 atmonbere*, or 60*036 
inches of merenry, and in pounds per square inch it u S-OOIS ■ 14-7G 
-S9-54 lb*. »ery neariy. 

It I* fometiDKi conveaient to eipren the resulta in inches of mercury 
mthODt a prerioBB determination in atmospheres, and for this purpose the 
■rule is simply as foLlowl : — 

BmA Multiply the given tempentnre in d^rees of Tahrenheit'i ther- 
mometer by theeoQstant coefficient 1-5513, and to the product add the con- 
stant nomber 371-985 ; then ftom the logarithm of the sum rabtract the 
constant logarithm 3-S8771I, and multiply the lenunder by the exponent 
7-71307 ; Ue natural number aniwering to the product, couiidered «« a 
logarithm, will give the elattic force in inchea of mercury. Thii antwers 
to the case when the tempenture is less than 313 degrees) but when it Is 
shore that point proceed as foUowi : — 

Multiply the given temperature in degrees of Fahrenheit'i thermometer 
hj the constant coefficient 1-69856. and to the product add the constant 
nnmber S05-5S6 ; then ftom the logBjithm of the sum mbtrvct the constant 
legsrithm £-523444, aoA multiply the remainder by the exponent G-tS| the 
nUural number answering to the product considered as a logarithm, will 
pre the elastic force iu inchea of mercnry. Take, for example, the tem- 
perature* ai assumed above, and the process according to the rule is aa 
follows: — 
187x1-5543 — 390-6354 

= 371-9B5*dd 



Conitant — 387 • 

0-163505x7-71307 = 1-293408 
And the natural nomber answering to this logarithm is 17-933 inches of 
mercury. By the preceding colcolation the result is 17802 ; the slight 
difference arises fh>m the introduction of the decimal constants, which in 
consequence of not terminating at the proper place are taken to the 
nearest unit in the but figure, bnt the proeesi is equally true notwith- 
standing. For the higher temperature, we get 
ISO X 1-69856 — 424-G40 
Constant - 30S-SBG add 

Sum - 630-166 
Constant ^ 338 • 

0-377011 X6-43-1-77S410 
And the natural number answering to this logarithm is 60-036 inehe* of 
mercnry, agreeing exactly with the result obtained as above- 
It ia moreover ■ometlme* convenient to express the force of the steam. 
in pooDds per square inch, wilhautaprevions determination in Btniaapheres 
or inches of mercnry ; and when the equations are modified for that por- 
poK, they supply us with the fallowing process: vii. 

Multiply the given tempcTBture by the constant coefficient I-41G66, and 
to the product add the constant number 247-9155 ; then, fhm the logarithm 
of the som subtract the constant logarithm 3-587711, and multiply Hbe re- 
mainder by the index 7-71307 ) the natural niunber aniwenng to the 
product will give the pressure in pounds per sqoare inch, when the 
tempenUnre is less than 313 degree* i bnt for all greater temperature* the 
process is aatbllows: — 

Multiply the given tempemtnre by the cooatant coefficient 1-5309, and 
to the product add the constant nnmber 184-0389 ; then, fVomthe logarithm 
of tbe lum subtract the constant logarithm 3-533444. and multiply the re- 
maiDdcr 1^ tbe eipooent 6-43 ; the natural or common number answering 
totbeprouet, will eipreaa the force of the steam in pound* per square inch. 
Ifa^ of these Ksolt* be moltiplled by the decimal 0-7854, the product will 



be the corresponding proanre In pounds per eirenlar Inch. Taking thn*- 
fbre the temperalnrea previously employed, the operation is a* follow*: — 
187x1-41666 — 364-giSS 
Conatant - 347-9155 add 



0-123363 X 771307 -D-94S696 
And the number insweiing to this Ic^garithm i* 3-763 lbs. per square bch, 
andS 763x0-7864— 6-88S4lb«. per drcular inch, tl^ proportion in the two 
eaaes being as 1 to 0-7554. Again, for the higher temperature, it is 
S5D X 1-5309 — 380-3350 
Constant - 184-OS89 add 



0-339031 X6-4S-1-470379 
And the number answering to this logarithm is 39-568 lb«. per square inch, 
or 39968 K0-7854-S3-33a6lb* per cintnlar inch. 

We have now to reverae the process, and determine the tempentnre cor- 
responding to any given power of the steam, and for this purpose we most 
BO transpose the fonnnlte (F) and (Q), as to express the tempenture iu term* 
of the dastie force, combined with given constant numben ; but a* it ia 
probiAle that many of our readers would prefer to see the theorems tnm 
which tbe rules are deduced, we here mlgoin them. 

For the lower temperature, or that which doe* not exceed the Imnpet- 
Btnre of boiling water, we get 

(-249/"i*-175 . . . , (E). 
Where t denotes the tonperatnre in degreea of Fahrenheit^ thermcmeteri 
andythe elastic force in mches of mercury, less than 30 inches, or one at- 
mosphere ; bnt when the elaatic force i* greater than one atmosphere, the 
formula tbr the corresponding temperature i* a* ftillows: — 

t-196/'-"-121 .... (8). 
Iu the construction of theae fonnnlte, we have, for the take of mmplicity, 
omitted the fractions that obtain in the coefficient of/; for unce they are 
very small, the omission will not produce an error of any consequence j 
indeed no error will arise on this account, as we retain the correct loga- 
rithms, a cirCDUistance thai enable* the computer to ascertain the true 
value of the coeffidents whenever it ia necessary so to do ; but in all caaes 
of actual practice, the results derived from the integral coefficients will be 
quite Bufflcienl. The mle aupplied by tbe equations (R) and (8) il thn* 

When the elastic force il less than the preatnre of the atmosphere, 
that is, less than 30 inches of the mercurial column, — 

RiTLB. Divide the logarithm of tbe given elastic force in inehe* of mer. 
cury, by the constant index 7-7 1307, sad to the quotient add the conitant 
logarithm 3-396204 ; then from the common or natural nnmber answobg 
to the sum, subtract the constant temperature 175 degrees, and the 
remainder will be the temperature sought in degrees of Fahrenheit's 
thermometer. But', when the elastic force exceeds 30 inches or one at- 
mosphere, the following rule applies: — 

Divide the logarithm of the given elastic force in inches of mercury by 
the constant index 6-43, and to the qootient add the constant logarithm 
3-S93363 ; then, from the natiml number anawering to the mm stfbtraet 
the constant temperatnre 131 degree*, ajid the remainder will be the tem- 
peratnre longbt Similar rules might be conitmcted for determining the 
tempcTMnre, when the premire in poundi per square inch ia given ; bat 
since this ia a less uscfol case of the problem we have thought proper to 
omit iL We therefore proceed to exemplify the above rules, and fbr thia 
pnrpoae we ^all suppose the preaanre in the two eaaea to be equivalent to 
the weight of 19 and 60 inches of mercury respectively. The operation 
will therefore be aa follows : — 

Log. 19-^771307 = 1-S78754-H771307 - 0-169791 
Conataut coeffldent — 24S - - log. 3-396304 add 

Natural number - 364-79 - - log. S-5B1B99 



Required temperature — 189-75 degreea of Fahrenheit'a aeab; 
For the higher ehutic force, the operation is aa follow*: — 
Log, 60-r6-43 - 1778151 -i-B-43—0-S769B9 
Connant coefficient — 196 - log. 3^93363, add 



Required tempentnre - 249-97 degree* of Fahrenheit^ aeale. 

All the preceding remit!, ai computed by onr mlea, agree aa nearly 

with observation as can be deiiicdi 1»it they have all been ol;tained on the 
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Surcharged Steam. — Volume of Steam at different Pressures, 



sapposition that the steam is in contact vith the liquid from which it is 
generated ; and in this case it is evident that the steam mast always attain 
an elastic force corresponding to the temperature ; and in accordance to any 
increase of pressure, supposing the temperature to remain the same, a quan- 
tity of it corresponding to the degree of compression must simply be con- 
densed into water, and in consequence will leave the diminished space 
occupied by steam of the original degree of tension ; or otherwise to 
express it, if the temperature and pressure invariably corresi>ond with 
each other, it is impossible to increase the density and elasticity of the steam 
except by increasing the temperature at the same time ; and contrariwise, 
the temperature cannot be increased without at the same time increasing 
the elasticity and density. This being admitted, it is obvious that under 
these circumstances the steam must always maintain its manimnm of prea- 
■ure and density: but if it be separated fh>m the liquid that produces it, 
and if its temperature in this case be increased, it will be found not to 
possess a higher degree of elasticity than a volume of atmospheric air 
similarly co^ined, and heated to the same temperature. Under this new 
condition, the state of maTimnm density and elasticity ceases ; for it is 
obvious that since no water is present, there cannot be any more steam 
generated by an increase of temperature ; and consequently the force of 
tiie steam is only that which confines it to its orijrinal bulk, and is measured 
by the effort which it exerts to expand itself. Our next olject therefore is 
to inquire what is the law of elasticity of steam under the conditions that 
we have here specified. 

The specific gravity of steam, its density, and the volume which it 
occupies at different temperatures, have been determined by experiment 
with very great precision; and it has also been ascertained that the expan- 
sion of vai>our by means of heat is regulated by the same laws as the 
expansion of the other gases, vix., that idl gases expand from unity to 1*375 
in bulk by 180 degrees of temperature ; and again, that steam obeys the 
law discovered by Boyle and Mariotte, contracting in volume in proportion 
to the degree of pressure which it sustains. We have therefore to inquire 
what space a given quantity of water converted into steam will occupy at a 
given pressure ; and from thence we can ascertain ihe specific gravity, den- 
ntvv and volume at all other pressures. 

When a gas or vapour is submitted to a constant j^ressnre, the quantity 
which it expands by a given rise of temperature is calculated by the 
following theorem, 

. /f + 459\ ,^ 

'^-M^M59) <T) 

where t and I' are the temperatures and v, t/ the corresponding volumes 
before and after expansion $ hence this rule. 

Rule. To each of the temperaturee hrfcare and after expannon^ add the 
coMtoHt experimental number 459 ; divide the greaUr eum by the lesser^ and 
muUiphf the quotient by the volume at the lower temperature, and the product 
wiU give the expanded volume. 

Example. If the volume of steam at the temperature of 212 degrees of 
Fahrenheit be 1711 times the bulk of the water that produces it ; what will 
be its volume at the temperature of 250*3 degrees, supposing the pressure to 
be the same in both cases ? 

Here, by the rule, we have 212 + 459 « 671, and 250*3 + 459 » 709*3 ; con- 
sequentiy, by dividing the greater by the lesser, and multiplying by the 



given volume, we get 



709*3 
671 



X 171 1» 1808*66 for the volume at the tem- 



perature of 250*3 degrees. 

Again, if the elastic force at the lower temperature and the corresponding 
volume be given, the elastic force at the higher temperature can readily be 
found ; for it is simply as the volume the vapour occupies at the lower 
temperature is to the volume at the higher temperature, or what it would 
become by expansion, so is the elastic force given to that required. 

If the volume which steam occupies under any given pressure and tem- 
perature be given, the volume which it will occupy under any proposed 
pressure can readily be found by reversing the preceding process ; or by 
referring to chemical tables containing the specific gravity of the gases 
compared with air as unity at the same pressure and temperature. Now 
air at the mean state of the atmosphere has a specific gravity of 1| as com- 
pared with water at 1000 ; and the bulks are inversely as the specific 
gravities, according to the general laws of the properties of matter previously 
announced in the pages of this work ; hence it follows that air is 818 times 
the bulk of an equal weight of water, for 1000-^ l|s 81 8*1 8. But by the 
experiments of Dr. Dalton, it has been found that steam of the same 
pressure and temperature has a specific gravity of *625 compared with air 
as unity ; consequently, we have only to divide the number 818*18 by *625, 
and the quotient will give the proportion of volume of the vai>our to one 
of the liquid frt>m which it is generated ; thus we get 818*18 -r*625 => 1309; 
that is, the volume of steam at 60 degrees of Fahrenheit, its force being 
30 inches of mercury, is 1309 times the volume of an equal weight of 
water ; hence it follows, frt>m equation (T), that when the temperature 
increases to f, the volume becomes 

(459 +f\ 

and from this expression, the yolume corresponding to any specified elastic 



force/, and temperature t\ may easily be found; for it is inversely as the 
compressing force ; that is, 

/:30::2-525(459 + O:»'; 

consequently, by working out the analogy, we get 

. 75*67(459 + 0. „ 

-1- 1 . . . .(U) 



V =-• 



By this theorem is found the volume of steam as compared with that of 
the water producing it, when under a pressure corresponding to the tem- 
perature. The rule in words is as follows : 

Rule. Calculate the elastic force in inches of mercury by the rule already 
given for that purpose, and reserve it for a divisor. To the given temperature 
add die constant number 459, and multiply the sum by 75*67 ; then divide the 
product by die reserved divisor, and the quotient wHl give the volume sought. 

Example. When the temperature of steam is 250*3 degrees of Fah- 
renheit's thermometer, what is the volume, compared with that of water? 

The temperature being greater than 212 degrees, the force is calculated 
by the rule to equation (Q), and the process is as follows : 
250*3 + 121 » 37 1*3 log. 2*5697249 

Constant divisor « 333 log. 2*5224442, subtract 

0*0472807 X 6*42 =0*3035421 
Atmosphere«30 inches of mercury log. 1*4771213, add 



Elastic force « 60*348 log. 1 7806634 "] 

Again it is, I ^^ 

459 + 250*3 « 709*3 log. 2*8608300 "I ,^ f ■"^'^^^^ 

Constantcoefllcient=75*67 log. 1*8789237 J 4*7297537j 

Volume s889*39 times thatof water, log. 2*9490903 remainder. 

Thus have we given the method of calculating the elastic force of steam 
when the temperature is given either in atmospheres or inches of mercury, 
and also in pounds or the square or circular inch : we have also reversed 
the process, and determined the temperature corresponding to any given 
elastic force. We have, moreover, shown how to find the volume corre- 
si>onding to different temperatures, when the pressure is constant ; and finally, 
we have calculated the volume, when under a pressure due to the elastic 
force. These are the chief subjects of calculation as regards the properties 
of steam ; and we earnestly advise our readers to render themselves familiar 
with the several operations. The calculations as regards the motion of 
steam in the parts of an engine to produce power, will be considered in 
another part of the present treatise. 

The equation (U), we may add, can be exhibited in a different form 
involving only the temperature and known quantities ; for since the ex- 
pressions (P) and (Q) represent the ehistic force in terms of the temperature, 
according as it is under or above 212 degrees of Fahrenheit, we have only 
to substitute those values of the elastic force when reduced to inches o*f 
mercury, instead of the symbol /in equation (U), and we obtain, when the 
temperature is less than 212 degrees, 

Volume « 75 •67(temp.+ 459) -r (0*00401 6 X temp. + 0*702807)'"*^ (V) 
and when the temperature exceeds 212 degrees, the expression becomes 
Volume »75*67(temp. + 459) -r 00*005101 x temp. + 0*61 71 95)**<* (W) 
These expressions are simple in their form, and easily reduced ; but, in 
pursuance of the plan we have adopted, it becomes necessary to express 
the manner of their reduction in words at length, as follows : 

Rule. When the given temperature is under 212 degrees, multiply the tem- 
perature in degrees of Fahrenheit's thermometer by the constant fraction 
0*004016, and to the product add the constant increment 0*702807 ; multiply 
the logarithm of the sum by the index 7*71307, and find the natural or 
common number answering to the product, which reserve for a divisor. To 
the temperature add the constant number 459, and multiply the sum 
by the coefficient 75*67 for a dividend ; divide the latter result by the 
former, and the quotient will express the volume of steam when that of 
water is unity. 

A^ain, when the given temperature is greater than 212 degrees, 
multiply it by the fraction 0*005101, and to the product add the constant 
increment 0*617195 ; multiply the logarithm of the sum by the index 6*42, 
and reserve the natural number answering to the product for a divisor ; 
find the dividend as directed above, which, being divided by the divisor, 
will give the volume of steam when that of the water is unity. 

Example. How many cubic feet of steam will be supplied by one cubic 
foot of water, under the respective temperatures of 187 and 293*4 degrees 
of Fahrenheit's thermometer ? 

Here, by the rule, we have 

187 X 0*004016 =0*750992 
Constant increment » 0*702807 



Sum« 1*453799 log. 0*1625043 x 7*71307- 1.2534069 
and the number answering to this logarithm is 17*92284, the divisor. But 
187 + 459 "646, and 646 x 75*67 -48882*82,the dividend; hence, by division, 
we get 48882*82 -r 17*92284 a2727'4 cubic feet of steam from one cubic 
foot of water. 
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Again, for the higher temperature, it is 

293-4 X 0005101 » 1*496633 
CoDBtant increment a* 0*6 17 195 



8am 2*1 13828 - log. 0*3250696 x 6*42 a2*0869468 ; 

and the namber answering to this logarithm is 122*165, the divisor. Bat 
293*4 + 459 - 752*4, and 752*4 x 75*67 ==56934*108, the dividend ; therefore, 
by division, we get 56934*108 •M22*165s466*04 cabic feet of steam from 
one cabic foot of water. 

The preceding is a very simple process for calculating the volume which 
the steam of a cubic foot of water will occupy when under a pressure due 
to a given temperature and elastic force ; and since a knowledge of this 
particular is of the utmost importance in calculations connected with the 
steam engine, it is presumed that our readers will find it to their advantage 
to render themselves familiar with the method of obtaining it. The above 
example includes both cases of the problem, a circumstance which gives to 
the operation, considered as a whole, a somewhat formidable appearance: 
but it would be difficult to conceive a case in actual practice where the 
application of both the formulsB will be required at one and the same time; 
the entire process must therefore be considered as embracing only one of 
the cases above exemplified *, and consequently it can be performed with 
the greatest ease and facility by every person who is acquainted with the 
use of logarithms ; and those unacquainted with the application of logarithms 
ought to make themselves masters of that very simple mode of computation. 

Another thing which it is necessary sometimes to discover in reason- 
ing on the properties of steam as referred to its action in a steam 
engine, is the weight of a cubic foot, or any other quantity of it, expressed 
in grains, corresponding to a given temperature and pressure. Now, it has 
been ascertained by experiment, that when the temperature of steam is 60 
degrees of Fahrenheit, and the pressure equal to 30 inches of mercury, the 
weight of a cubic foot in grains is 329*4 ; but the weight is directly propor- 
tional to the elastic force, for the elastic force is proportional to the 
density : consequently, if/ denote any other elastic force, and wthe weight 
in grains corresponding thereto, then we have 

30 :/:: 329*4 : »«io*98/, 

the weight of a cubic foot of vapour at the force /, and temperature 60 
degrees of Fahrenheit Let f denote the temperature at the force/; then 



by equation (T% we have v 



459 + t 459 +< 



459+60 519 



, the volume at the tem- 



perature f, supposing the volume at 60 degrees to be unity ; that is, one 
cubic foot Now, since the densities are inversely proportional to the spaces 

r459 + 519io 

which the vapour occupies, we have^— -— -^ : 1 :: w : w'«r-^ — ^; but 

519 459 4* { 

by the preceding analogy, the value of w is 10*98/; therefore, by snbstita- 
tion, we get 

569^:6^ 
*^ 459 + / • • • • CA> 

This equation expresses the weight in grains of a cubic foot of steam at 
the temperature t and force/; and if we substitute the value of/, from equa- 
tions (P) and (Q) , reduced to inches of mercury, and modified for the two 
cases of temperature below and above 212 degrees of Fahrenheit, we shall 
obt^, in the first case, 

ic/=»(0*012324 X temp. + 2*155611)'*""' -5-(temp. + 459). . . . (Y) 

and for the second case, where the temperature exceeds 212, it is 

ic/»(0*01962 X temp. +2*37374)«*" -r(temp. + 459) . . . (Z) 

These two equations, like those marked (V) and (W), are sufficiently 
simple in their form, Imd offer but little difficulty in their application. The 
rule for their reduction, when expressed in words at length, is as follows: 

^ Rule. When the temperature is less than 212 degrees, multiply the 
given temperature, in degrees of Fahrenheit's thermometer, by the fhiction 
0*012324, and to the product add the constant increment 2*155611 ; then 
multiply the logarithm of the sum by the index 7*71307, and from the pro- 
duct subtract the logarithm of the temperature, increased by 459 ; the 
natural number answering to the remainder will be the weight of a cubic 
foot in grains. 

Again, when the temperature exceeds 212, multiply it by the fraction 
0*01962, and to the product add the constant increment 2*37374; then 
multiply the logarithm of the sum by the index 6*42, and from the product 
subtract the log^arithm of the temperature increased by 459 ; the natural 
number answering to the remainder will be the weight of a cubic foot in 
grains. 

Example. Supposing the temperatures to be as in the preceding excmple, 
what wUl be the weight of a cubic foot in gruns for the two cases ? 
Here, by the rule, we have 

187 X 0-01 S394 -i 3-30456fl 
CoosCant increment « S-I6-M11 



Sum -i 4-4G0I99 - log. 0*6493542x771307 » .V0065143 
M7+499-i646 log. 3-8102825. subtract 

NaCnril Dumber ma, 157-863 graiat per eubk foot • log. 3-1982818 



For the higher temperature, it is 



299-4 X001962 » 5-756508 
Conctant increment ■« 2*378740 



Sum ■■ 6* 130248 
393*4+459 -* 763*4 



. log. 0-9101038x6-43 := 8-8488664 

log. 2-8764488, •ubUrsct 



Natural number « 925*59 grains per cubic foot - log. 8*9664176. 

Here again the operation resolves both cases of the problem ; but in 
practice only one of them can be required. 

THE MOnOK OF ELASTIC FLUIDS. 

The next subject that claims our attention is the velocity with which 
elastic fluids or vapours move in pipes or confined passages. It is a well- 
known fiict in the doctrine of pneumatics, that the motion of free elastic 
fluids depends ui>on the temperature and pressure of the atmosphere ; and, 
consequently, when an elastic fluid is confined in a close vessel, it must be 
similarly cupumstanced with regard to temperature and pressure as it 
would be inn atmosphere competent to exert the same pressure upon it 
The simplest and most convenient way of estimating the motion of an 
elastic fluid is to assign the height of a column of uniform density, capable 
of producing the same pressure as that which the fluid sustains in its state 
of confinement ; for under the pressure of such a column, the velocity into 
a perfect vacuum will be the same as that acquired by a heavy body in 
falling through the height of the homogeneous column, a proper allowance 
being made for the contraction at the aperture or orifice through which the 
fiuid flows. 

When a passage is opened between two vessels containing fluids of dif- 
ferent densities, the fluid of greatest density rushes out of the vessel that 
contains it, into the one containing the rarer fluid, and the velocity of influx 
at the first instant of the motion is equal to that which a heavy body ac- 
quires in falling through a certain height, and that height is equal to the 
difference of two uniform columns of the fluid of greatest density, competent 
to produce the pressures under which the fluids are originally confined ; 
and the velocity of motion at any other instant is proi>ortional to the square 
root of the difference between the heights of the uniform columns producing 
the pressures at that instant Hence we infer that the velocity of motion 
continually decreases, — the density of the fiuids in the two vesseU approach- 
ing nearer and nearer to an equality, and after a certain time an equilibrium 
obtains, and the velocity of motion ceases. 

It is abundantly confirmed by observation and experiment, that oblique 
action produces very nearly the same effect in the motion of elastic fluids 
through apertures as it does in the case of water ; and it has moreover 
been ascertained that eddies take place under similar circumstances, and 
these eddies must of course haye a tendency to retard the motion : it there« 
fore becomes necessary, in all the calculations of practice, to make soma 
allowance for the retardation that takes place in passing the orifice ; and 
this end is most conveniently answered by modifying the constant co- 
efficient according to the nature of the aperture through which the motion 
is made. Numerous experiments have been made to ascertain the effect 
of contraction in orifices of different forms and under different conditions, 
and amongst those which have proved the most successful in this respect, 
we may mention the experiments of Dn Buat and Ettelwein, the latter 
of whom has supplied us with a series of coefficients, which, although not 
exclusively applicable to the case of the steam engine, ^et, on account of 
their extensive utility, we take the liberty to transcribe. They are as 
follow: — 

1. For the velocity of motion that would result from the 

direct unretarded action Of the colunm of the fluid 

that produces it, we have - - - - 3 V =» '/579A 

2. For an orifice or tube in the form of the contracted 

vein 10V--V/6084A 

3. For wide openings having the sill on a level with the 1 

bottom of the reservoir - - - ' ilOVei V5929A 

4. For sluices with walls in a line with the orifice - f ^ 

5. For bridges with pointed piers - - - J 

6. For narrow openings having the sill on a level with^ 

the bottom of the reservoir - - - 1 

7. For small openings in a sluice with side walls >>10V» VAl%\h 

8. For abrupt projections - - - 

9. For bridges with square piers 

10. For openings in sluices without side walls - - lOV 

1 1. For openings or orifices in a thin plate - - Y 

12. For a straight tube from 2 to 3 diameters in length 

projecting outwards - - - - lOVi 

13^ For a tube fh>m 2 to 3 diameters in length projecting 

inwards ------ lOVi 






V25X 
-•4225 



V2976-25A 

It is necessary to observe, that in all these equations V is the Telo- 
city of motion in feet per second, and A the height of the column pro- 
ducing it, estimated also in feet Nos. 1, 2, 11, 12, and 13 are those which 
more particularly apply to the usual passages for the steam in a steam 
engine ; but since all the others meet their application in the every-day 
practioe of Uie civil engineer, we have thought it osefU to supply them. 



44 



The Ascent of Smoke in Chtmneys, 



MOTION OF flTEAM TS AS ENGINE. 



.We have already stated that the best method of estimating the motion of 
an ehistic fluid, such as steam or the yapoor of water, is to assign the height 
of a oniform colomn of that fluid capable of producing the pressure : Uie 
determination of this column is therefore the leading step of the inquiry ; 
and since the elastic force of steam is usually reckoned m inches of mer- 
cury, 30 inches being equal to the pressure of the atmosphere, the subject 
presents but little difficulty ; for we have already seen that the height of a 
column of water of the temperature of 60 degrees, balancing a column of 
30 inches of mercury, is 34*023 feet ; the corresponding column of steam 
must therefore be as its relative bulk and elastic force ; hence we have 
30 : 34*023 :fv : Aal'1341/t;, where/is the ehistic force of the steam in 
inches of mercury, v the corresponding volume or bulk when that of water 
is unity, and h the height of a uniform column of the fluid capable of pro- 
ducing the pressure due to the elastic force ; consequenUy, in the case of 
a direct unretarded action, the velocity into a perfect vacuum, according to 

No. 1 of the preceding class of formuU, is Va8*542V/t;; bt#for the best 
form of pipes, or a conical tube in form of the contracted vein, the velocity 

into a vacuum, according to No. 2, becomes Ye 8*307 v/o ; and for pipes 

of the usual construction. No. 12 gives V» 6*922 v/o; No. 13 gives Vb 

5*804 V/^; and in the case of a simple orifice in a thin plate, we get from 

No. 11 V« 5*322 vy&T The conuderation of all these equations may oc- 
casionally be required, but our researches will at present be limited to that 
arising from No. 12, as being the best adapted for general practice ; and for 
the purpose of shortening the investigation, we shall take no further notice 
of the case in which the temperature of the steam is below 212 degrees of 
Fahrenheit ; for the expression which indicates the velocity into a vacuum 
being independent of the elastic force, a separate consideration for the two 
?ases is here unnecessary. 
It has been shown in the equation marked (U), that the volume of steam 

which is generated from an unit of water, is »» ^ — ~ ; let 

this value of v be substituted for it in the equation Vb6*922 v/o, and we 
obtain for the velocity into a vacuum for the usual form of steam passages, 
as follows, vii., 

V- 60-2143 -/(temp. + 459) 

This is a very neat and simple expression, and the object determined by 
it is a very important one : it Uierefore merits the reader's utmost attention, 
especially if he is desirous of becoming familiar with the calculations in 
reference to the motion of steam. The rule which the equation supplies, 
when expressed in words at length, is as follows : — 

Rule. To the temperature of the steam, in degrees of Farenheifs thermo' 
meter, add the constant numoer or increment 459, and muMply the square 
root of the sum by 60*2143; the product will be the velocity with which the 
steam rushes into a vacuum in feet per second. 

Example, With what velocity will steam of 293*4 degrees of Fahren- 
heit's thermometer rush into a vacuum when under a pressure due to the 
elastic force corresponding to the given temperature. 

By the rule it is 293*4 + 459 » 752.4 - \ log. 1*4382244 

Constant coefficient «»60*2i43 - log. 1*7797018 add 

Velocity into a vacuum in feet per second « 1 65 1 *68 log. 3 -2 1 79262 

This is the velocity into a perfect vacuum, when the motion is made 
through a straight pipe of uniform diameter ; but when the pipe is alter- 
nately enlarged and contracted, the velocity must necessarily be reduced 
in proportion to the nature of the contraction ; and it is fhrther manifest, 
that every bend and angle in a pipe will be attended with a corre8i>ondent 
diminution in the velocity of motion : it therefore behoves us, in the actual 
construction of steam passages, to avoid these causes' of loss as much as 
possible ; and where they cannot be avoided altogether, such forms should 
be adopted as will produce the smallest possible retarding effect In 
cases where the forms are limited by the situation and conditions of con- 
struction, such corrections should be applied as the circumstances of the 
case demand ; and the amount of these corrections must be estimated ac- 
cording to the nature of the obstructions themselves. For each right-angled 
bend, tiie diminution of velocity is usually set down as being about one- 
tenth of its unobstructed value ; but whether this conclusion be correct or 
not, it is at least certain that the obstruction in the case of a right-angled 
oend is 'much greater than in that of a gradually curved one. It is a very 
common thing, especially in steam vessels, for the nuun steam pipe to send 
off branches at right angles to each cylinder, and it is easy to see that a great 
diminution in the velocity of the steam must take place here. In the ex- 
pansion valve chest a further obstruction mast be met with, probably to the 
extent of reducing the velocity of the steam two-tenths of its whole amount 

These proportional corrections are not to be taken as the results of ex- 
periments that have been performed for the purpose of determining the effect 
of the above causes of retardation : we have no experiments of this sort on 
which reliance can be placed ; and, in consequence, such elements can only 
be inferred from a comparison of the principles that regulate tiie motion of 



other fluids under similar circumstances : they will, however, greaUy assist 
the engineer in arriving at an approximate estimate of the diminution that 
takes place in the velocity in passing any number of obstructions, when 
the precise nature of those obstructions can be ascertained. In the gene- 
rally of practical cases, if the constant coefficient 60*2143 be reduced in 
the ratio of 650 to 450, the resulting constant 41*6868 may be employed 
without introducing an error of any consequence. 

OF THE ASCENT OF SHORE AND HEATED AIB IN CHI]INET8« 

The subject of chimney flues, with the ascent of smoke and heated air, 
IS another case of the motion of elastic fluids, in which, by a change of 
temperature, an atmospheric colunm assumes a different density from 
another, where no such alteration of temperature occurs. The proper 
construction of chimneys is a matter of very ereat importance to the prac- 
tical engineer, for in a close fireplace, designed for the generation of 
steam, ^ere must be a considerable draught to accomplish Uie intended 
purpose, and this depends upon the three following particulars, viz. — 

1. The height of the chimney fh>m the throat to the top. 

2. The area of the transverse section. 

3. The temperature at which the smoke and heated air are allowed to 
enter it 

The formula for determining the power of the chimney may be inves- 
tigated in the following manner. 

Put A «the height in feet ftcm the place where the flue enters to the top 
of the chimney, 
6 b the number of cubic feet of air of atmospheric density that the 

chimney must discharge per hour, 
as the area of the aperture in square inches through which h cubic 
feet of air must pass when expanded by a change of temperature, 
o 31 the velocity of ascent in feet per second, 
t'sthe temperature of the external ur, and 
tsthe temperature of the air to be discharged by the chimney. 
Now the force producing the motion in this case is manifestly the 
difference between the weight of a column of the atmospheric air and 
another of the air discharged by the chimney ; and when the temperature r.f 
the atmospheric air is at 52 degrees of Fahrenheit's thermometer, this dif- 
ference will be indicated by the term A (-—^^ ) ; the velocity of ascent 

\» +459 / 

will therefore be » « ^^64J h | "" • \ feet per second, and the quantity 

of air discharged per second will therefore be, a/ 64 J | " | , sup- 
posing that there is no contraction in the stream of air ; but it is found by 
experiment, that in all cases the contraction that takes place diminishes 
the quantity discharged, by about three eighths of the whole ; consequentiy, 
the quantity discharged per hour in cubic feet becomes 

This would be the quantity discharged, provided there were no increase 
of volume in consequence of the change of temperature ; but air expands 

from h to for t—t degrees of temperature, as has been shown 

elsewhere ; consequentiy, by comparison, we have 

6(r + 459) 



f-H459 



125*69 a /^ 



hif-t) 



459 



From this equation, therefore, any one of the quantities which it involves 
can be found, when the others are given : it however supposes that there 
is no other cause of diminution but the contraction at tiie aperture ; but 
this can seldom if ever be the case ; for eddies, loss of heat, obstructions, 
and change of direction in the chimney, will diminish the velocity, and 
consequentiy a larger area will be required to suffer the heated air to pass. 
A sufficient allowance for these causes of retardation will be made, if we 
change the coefficient 125*69 to 100 ; and in this case the equation for the 
area of section becomes 



o=:6-v/(r + 459)«-rl00(t + 459)-v/A (f-O- 

And if we take the mean temperature of the air of the atmosphere at 52 
degrees of Fahrenheit, and make an allowance of 16 degrees for the dif- 
ference of density between atmospheric air and cool smoke, our equation 
will ultimately assume the form 

a-6-/(f + 459yT51100VA(<'-t-16). 

It has been fbund by experiment that 200 cubic feet of ur of atmospheric 
density are required for the complete combustion of one pound of coal, and 
the consumption of ten pounds of coal per hour is usually reckoned equi- 
valent to one horse power : it therefore appears that 2000 cubic feet of air 
per hour must pass tiirough the fire for each horse power of the engine. 
This is a large allowance, but it is the safest plan to calculate in excess in 
the first inatance ; fbr the chimney may afterwards be convenient, even if 
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considerably larger than ii necessary. The role for redacing the equation 
is as follows : — 

RuUL MuUiply the number ef harts jtower of the engine by ike \ power of 
the ieamerature at which the air enters the ehimneyy increased by 459 ; thai 
divide &e product bv 25*55 times die square root of the height of the chimney 
in feetf multiplied by the difference of temperature^ less 16 aegreea^ and the 
quotient will he the area of the chimney in square inches. 

Example. Suppose the height of the chimney for a 40 horse engine to 
be 70 feet, what should be its area when the difference between the tem- 
perature at which the air enters the flue, and that of the atmosphere, is 
250 degrees? 

Here, by the rule, we haye 

250 4* 52 «302, the temperature at which the air enters the flue. 
Constant increment » 459, 



Sum »761 


• V • 


log. 2*8813847 
3 




2)8*6441541 


Number of horse power*- 40 


4*3220770 
log. 1*6020600 


250-16«234 
height- 70 feet 


log. 2-3692159 
log. 1*8450980 

2)4*2143139 


5*9241370 


Constant » 25-55 


210715691 . 
log. 1*4073909/ 


3*5145478. 



Hence the area of the chimney in square inches is 256*79, log. 2*4095892 ; 
and in this way may the area be calculated for any other case ; but par- 
ticular care must be taken to have the data accurately determined bdTore 
the calculation is begun. In the aboye example the particulars are merely 
assumed ; but even that is sufficient to show the process of calculation, which 
is more immediately the object of the present inquiry. It is right, how- 
ever, to add, that recent experiments haye greatly shaken the doctrine that 
it is beneficial to make chimneys small at the top, though such is the way 
in which they are, neyertheless, still constructed, and our rules must haye 
reference to the present practice. It appears, however, that it would be 
the best way to make chimneys to expand as they ascend, after the nuumer 
of a trumpet, with its mouth turned downwards : but tiiese experiments 
require forther confirmation. 

The method of calculation adopted above is founded on the principle of 
correcting the temperature for the difference between the specific gravity 
of atmospheric air and that of coal smoke, the one being unity and the 
other 1 -05 ; there is, however, another method, somewhat more elegant and 
legitimate, by employing the specific gravity of coal-smoke itself: the in- 
vestigation is rather tedious and prolix, but the resulting formula is by no 
means difficult ; and since both methods give the same result when properly 
calculated, we make no forther apology for jporesenting our readers with 
another rule for obtaining the same object The formula is as follows : — 



, 6(r+459) 
2757*5 



/ L_ 

V h (f-^lV 



55) 



where a is the area of tbe transverse section of the chimney in square inches, 
b the quantity of atmospheric air required for combustion of the coal in cubic 
feet per hour, A the height of the atmosphere in feet, and t the temperature at 
which the air enters the flue after passing through the fire. The rule for 
performing this process is thus expressed : — 

Rule. From the temperature at which the air enters the chimney^ subtract 
the constant decrement 77*55; multiply the remainder by the height of Cfts 



chimney in fiet, divide unity by the product, and extract the square root of the 
quotient To (he temperature of the heated air, add the conttant number 459 ; 
multiply the sum by the number of cubic feet required for combustion per hour, 
and divide the product by the number 2757*5 ; then matfti^ die quotient by 
the square root found as above, and the product wUl be the number of square 
inchee in the traneveree section of the chimney. 

Example, Suppose a mass of fuel in a state of combustion to requite 
5000 cubic feet of air per hour, what must be the sise of the chinmey when 
its height is 100 feet, the temperature at which the heated air enters the 
chimney being 200 degrees of Fahrenheit's thermometer ? 

By the rule we have 200 — 77*55 » 122*45 ^ log. 2*0879588 
Height of the chimneys lOO - - log. 2*0000000 

4*0879588 



2)5*9120412 



7*9560206 
200 + 459 » 659 - log. 2*81888541 

5000 - log. 3*6989700 ladd 3*0778399 

2757-5 ar. ca log. 6*5594845 J 

10333605 10*798 inches. 

This appears to be a very small flue for the quantity of air that passes 
through it per hour ; but it must be observed that we have assumed a great 
height for the shaft, which has the effect of creating a very powerfol 
draught, thereby drawing off the heated air with great rapidity. 

The. advantage of a high fine is so very great, that the r^der maybe 
desirous of knowing to what height a chimney of a given base may be 
carried with safety, in cases where it is inconyenient to secure it with lateral 
stays ; and, as an approximate rule for this purpose is not diffiQult of inves- 
tigation, we think proper to supply it here. 

When the chimney is equally wide throughout its whole height, the 
formula is 



'" V 12000— 1 Aw; 



but when the side of the base is double the sixe of t^ top, the equation 
becomes 
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where # is the side of the base in feet, A the height, and m the weight of one 
cubic foot of the materiaL When the chimney stalk is not square, but 
longer on the one side than the other, e must be the least dimension. The 
proportion of solid wall to a given base, as sanctioned by experience, is 
about two thirds of its area, consequently w ought to be two tmrds of the 
weight of a cubic foot of brickwork. Now a cubic foot of dried brick- 
work is on an average 1 14 lbs ; consequently w » 76 lbs ; and if this be sub- 
stituted in the foregoing equations, we get for a chimney of equal sixe 
throughout, 
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and when the chimney tapers to one half the siie at top, it is 

. / 104 
V 12000— 32A; 

where it may be remarked that 12000 lbs. is the cohesive foree of one 
square foot of mortar ; and in the investigation of the formnlsB we haye as- 
sumed the greatest force of the wind on a square foot of surfkoe at 52 lbs. 
' These equations are too simple in their form to require elucidation from us ; 
we therdbre leave the reduction as an exercise to the reader, who it is 
presumed will find no difficulty in resolving the several cases that may 
arise in the course of his practice. 
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PEmCIPLES TO BE OBSEBTED IN THE CONSTEUCTION OF BOILERS. 



HiTiKO DOW eipUined in a geoeral wtj the icieDtlfic principles eoncemed 
in the me of ateam aa > motive power, we- hare next to exhibit the practical 
application of thou principlei ; and we begin wiili (he subject of bailera. 
And it may not be •aperfluont to repeat, that, hovei«r useful an acquiuDt- 
ance with scientific principles maj be, it vonld be a most unsafe course to 
take them as a sitfficient ^ide in the actual operattonsof engineering; for 
they have iu almost ever; case to receive malerial modiQcalions. before 
thej can be considered representative of a. jadicioos and successfitl practice. 
At best, scientific principles give only general conclusions, and ^brd an 
HpproiimatioD to the position in wbieh tht truth lies ; but practice reveals 
many conclusioDS which science could not anticipate, and which may modify 
or even reverse its decisions. Precepla, therefore, derived from theory 
alooe, are but of titlie vaJne until confirmed by the results of eiperieuce, 
as embodied in successful practice ; and to ibis more important division of 
the subject we shall now direct our alteation. 

We have already given a theoretical rule for (he dimengions of a land 
engine chimney. Boulton and Watt's practical rule for the dimensloDS of 
Ihe chimney of a land engine is as Ibllows : — multiply the number of pounds 
of coal consnmed under the bailer per hour by IS, and divide the product 
by the square root of the height of (he rhimney in feet ; Ihe qunlienC is 
the area of the chimney in square inches ia the smallest part A factory 
chimney suitable for a SO hone boiler is commonly made abont SO in. square 
inside, and 80 {[. high -, and these dimensions are those wbieb answer to a 
consumption of 15 lbs. of coal per horse power per hoar, which ia a very 
common consnmption in factory eng^inea If 15 lbs. of coal he consumed 
per borse power per bonr, the total consumption per hour in a 20 horse 
boiler, vill be 300 lbs., and 300 multiplied by 13 ^ 3,600, aod divided by 9 
(the square root of the height} =400, which is the area of the chimney in 
square inches. 1( will not answer well (o increase the height of a chimney 
of Ibis area to more than 40 or SO yards, without alao increasing Ihe area, 
nor wiU it be of ntilily lo increase the area much without also increasing the 
height. The quanlily of coal cDnsumed per hoar in pounds, multipli^ by 
5, and divided by the square root of the height of the chimney, is the proper 
collective area of the openings between the bars of the grate for the ad- 
mission of air to the fire. In steom vessels Boulton and Watt allow 8) 
square inchea of area of chimney per horse power, and in marine flue 
boilers Ihey aUow tS sqnare inches of aeclional area of fine per horse 
power 1 but this proportion appears to be aboat one-third greater limn what 
is allowed by many olher majters, whose boilera, however, are scarcely so 
coDspicuDus for an abuDiiant supply of steam. The sectional area of the 
fine m square inches is what is, termed the calorimeter of the boiler, and the 
calorimeter divided by Ihe length of (he flue in feet is what is termed the 
venl. In marine flue boilers of good eonstmctioo the vent varies between 
Ihe limits of 31 and 35, according to the size of the boiler and other cir- 
cumstances — (he largest boilers having generally the largest vents ; and 
the calorimeter divided hy the vent will give the length of the Sue in 
feet The collective area for Ihe escape of Ihe smoke and Bame aver the 
furnace bridges in marine boilers is 19 square inches per horse power, ac- 
cording to Bonlton and Watt's proportion. In waggon and tnbnJar boilers 
vepr different proportions prevail, yet the proportions of every kind of 
boiler are determinable ou (be same general principle. In waggon boilers 
the proportion of the perimeter of the flue which is effective aa heating sur- 
face, is to Ihe total perimeter aa 1 to 3, or, in some casec as 1 lo 3'Ii i and 
with any giren area of flue, thergfbre, Ihe length of Ihe flue must be from 

_ .. *.. ., ..J ltan«(rt)]4 be necdtary if Ibc total siirBice were 
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horse power, but Ihe ar«a per horse power increaaes very rapdly as the 
size of the boiler become* less, and araoanlt to about BO sqn«re inchea per 
horse power in a boiler of two horse power. Some inch increase ii ob- 
viously inevitable if a similar fbrm of fine be retained in the larger and 
smaller powers, and at the same time the elongation of the flue in the same 
proportion ai the inorease of any other dimenaiim ia prevented ; but in the 
em^er class of waggon boilers the eonvderalion of facility of cleaning Ihe 
flues ii also ^rative in inducing a large proportion of sectional area. 
Boulton and Watt's 3 horse power waggon boiler hasSOsquare feet of anr- 
face, and (he flue is IS in. high above (he level of the boiler bottom, by 
9 in. wide ; while their IS horse waggon boiler has 118 square feet ot 
healing surface, and the dimenatoiu tf the flue similarly measured ar« 
36 in. by I3in. The width of Ihe smaller flue, if similarly proportioneal 
to the larger one, wonld be 6\ in., instead of 9 in., and, by assuming thia 
dimension, we shotdd have the same proportion of sectitmal area per square 
foot of heating surbce m both boiler*. The length of flue in the S horse 
boiler is ]3'5fl, and in the IS horse Ixnier 39 ft., so that the length and 
height of the flne are increased in the same proportiOD. The Nile steamer, 
with engines of 110 horse power, by Bonlton and Watt, is anpplied with 
ateam by two boilers, which are, therefore, of 66 horse power each. The 
height of the floe winding withm the boiler is GO in., and its mean width 
16)in.,makiaga sectional area or calorimeter of 990 square inches, or IS 
square incbei per horse power of the boiler. The length oftheflneiaS9 ft., 
making the vent S5, which is the vent proper for large boilers. In the 
Dee and Solway steamer*, by Scott and Sinclair, the calorimeter ia only 
9'73 square inches per horse power) in the Eagle, by Caird, Il'9 ; in ttie 
Thames and Medway, by Maudslay, 11 '34, and in a great niunber of other 
cases i( does not rise above 13 «quar« ini^ea per horse power, but the 
engines of mo«t of these vessels are intended to operate to a certain extent 
expansively, and Ihe biulera are lets powerfiU in evapoialiog efficacy on 
that account. 

The calorimeter of tatk boiltr of Ihe Dae and Solway is 1,396 sqaare 
inches ; of the Eagle, 1.S4S sqaare inchea ; and of the Thames and Medway 
1,134 square inches; and the length of flue is 57, 60, and 53 ft. in the 
boilers respectively, which make* the re*pective vents 33L 35, and 31 in. 
Taking then ihe bcnter of the Eaf;le for comparison with the boiler of the 
Nile, as it hai the same vent, it will be seen that the proportions of the two 
are almost identical, for 990 is to 1,548 a* 39 is to 60, nearly; but Messrs. 
Boulton and Watt wonld not have set a boiler like that of the Eagle to do 
so much work. The evaporating power varies aa the sqoare root of the area 
of the fine, if the length of the floe remain thesame; bnl it varies aathearea 
simply, if (he length of the flne be increased in the same proportion as it* 
other dimension*. The evaporating power of a boiler is refeirible to Ihe 
amount of its heating surface, and Ihe amoont of beating aur&ce m any 
flue or tube iii proportional to the product of the length of the tube and the 
square rout it ils secliooal area, multiplied by a certain qoaolily that is 
constant for <.ach particular form. But in sinulor tube* the lengUi ia pro- 
portional to the square root of the sectional area i therefore, in aimWtnbes, 
the amount o! heating suiflue ia proportioaal to the seelioGal area. On this 
area also dcpanda the quantity of hot air passing through the fliie, nppodng 
the intensilj of Ihe drauriit to remain unaffected, and the qnanlity of hot air 
or smoke pQsdng Ihroou tha flne shonld vary in the aame ratio as the 
quanlily of surlkce. A boiler therefore to exert foor times Ihe power 
should have fbur time* the extent of heating aoiface, and four times Ihe 
secliunal area of flna for the Hmntmisuon of the smoke ; and if the same 
form of Sue it t» be Mtaioed, it shonld be of twice the duuneler and twice 
the length : oc twiee di* baii^ and width, if rectangular, and twice the 
length. A* AiB tte AitmMtr or square root of the area increases in ihe 
same ratio as &• knglh, the iqaare root of the area divided by the length 
ought to be ae«Mint qoanlity in aeh typo of boiler, in oider that the 
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same propordcms of flae may be retained ; and in waggon boilers withont | 
an internal floe, the height in inches of the floe encircling the boiler 
divided by the length of ti&e floe in feet will be 1 yery nearly. Instead of 
the sqoare root of die area the effeotiye perimeter, or outline of that part of 
the cross section of the flae which is effectiye in generating steam, may be 
taken ; and the effecttye perimeter divided b^ the length onght to be a 
constant quantity in similar forms of flue and with the same velocity oPdraft, 
whatever the siae of the flue may be. It is clear, that with any given area 
of flue, to increase the perimeter by adopting a different sluipe, is to 
diminish the length of the flue ; and, if the extent of the perimeter be 
diminished, the length of the flue must at the same time be increased, else 
it will be impossible to obtain the necessary amount of heating surfiice. In 
Boulton and Watt's waggon boilers the sectional area of the flue in square 
inches, per square foot of heating surface, is 5*4 in the two horse boiler ; 
in the three horse it is 4*74 ; in the four horse 4*36 ; six horse, 3*75 ; 
eight horse, 4*33 ; ten horse, 3*96 ; twelve horse, 3*63 ; eighteen horse, 
3*17 ; thirty horse, 2*52, and in the forty-five horse boiler, 2*05 square 
inches. Taking the amount of heating surface in the 45 horse boiler at 9 
sqoare feet per horse power, we obtain 18 square inches of sectional area 
of flue per horse power, which is also Boulton and Watt's proportion of 
sectional area for marine boilers with internal flues. 

If to increase the perimeter of a flue is virtually to diminish the length, 
it is clear a tubular boiler, where the perimeter is in effect greatly extended, 
onght to have but a short length of tube. The flue of the Nile, if reduced 
to the cylindrical form, would be 35} in. in diameter, to have the same 
area ; but it would then require to be made 47) ft long, to have the same 
amount of heating surface. Supposing that with these proportions the heat 
is sufficiently extracted fh>m the smoke, then every tube of a tubular boiler 
in which the same draft existed, ought to have very nearly the same pro- 
portions, so that a tube 3 in. in diameter onght to be about 4 ft long, 
snpposing the conducting power of the metallic surface through which the 
heat is transmitted, to be in each case identical But the metal of small 
tabes being thinner than that of flues must condact better, and a tube 
3 in. in diameter should therefore be less than 4 fL long, provided the 
draft remains such as is due to an area of 18 square inches per horse 
power. If the thinness of the metal attainable by the tubular form 
be supposed to increase the efficacy of the heating surface in the same 
proportion as the increase of surface due to the rectangular form, the 
length of a tube 3 in. diameter ought to be 3 ft 3 in. ; and it would be of no 
service to extend its length beyond this point, supposing the flue boiler to 
be properly proportioned, as by the time the hot air had traversed a length 
of 3 ft 3 in. of tube, the heat of the air woald have been as thoroughly ex- 
tracted as in ordinary boilers appears to be beneficial. The tubes of 
tabular boilers, however, are usually about 6 ft 6 in, long ; bat to make 
this excess of length influential in generating steam, the draft has to be 
made nearly twice greater than in flue boilers having a sectional area of 18 
square inches per horse power, or in other words, the sectional area of 
tabular boilers must not much exceed 9 square inches per horse power 
when the tubes are of the length stated. The smaller the tubes are, the 
shorter they should be made, or the less the sectional area ought to be ; 
and with a sectional area of 10 square inches per horse power, there will 
be no advantage in making the length of the tube more than fVom 26 to 32 
times its diameter, which will make the tubes fh)m 6 ft 6 in. to 8 ft long, 
when the diameter is three inches, and give fh>m 7 '4 to 8 square feet of 
heating surface of tubes per horse power. If the sectional area per horse 
power be increased, the length of tube should be diminshed in the same 
proportion *, for the velocity of the draft varies with the sectional area of 
tube per horse power, and on the velocity of draft the length of the tube 
ought to depend. 

In locomotive boilers where the velocity of draft is very great, longtubes 
are employed ; but it is preferable to have the tubes of moderate length, 
and a draft of moderate mtensitj, as in maintaining a fierce draft by any 
process, there is a considerable expenditure of power. If, however, wim 
the view of making the draft very slow, a proportion of sectional area ap- 
proaching that of flue boilers be provided, Uie result will not be satisfactory, 
as the smoke will all pass through a few of the tubes, leaving the rest 
inoperative ; though this defect may be in a great measure corrected by 
partially closing up the ends of the tubes, or even by partially closing the 
damper. The length of tube multiplied by the diameter, and divided by 
the area, is a constant quantity both in flue and tubular boilers, or at least 
nearly so ; and when any of the elements are given, the rest can easily be 
computed by the aid of this proportion. Bury's locomotive with 14 in. 
cylinders contains 92 tubes of 2ithin. external diameter, and 10 ft 6 in. 
long, whereas Stephenson's locomotive with 15 in. cylinders, contains 150 
tob^ of l}ths external diameter, and 13 ft 6 in. long. In Stephenson's 
boiler, in order that the part of the tubes next the chimney may be of any 
avail for the generation of steam, the draft has to be very intense, 
which in its turn involves a considerable expenditure of power ; and it is 
qoestionable whether the increased expenditure of power upon the blast, in 
Stephenson's long tubed locomotives, is compensated by the increased 
mention of steam consequent upon the extension of the heating surface. 
when the tubes are small in diameter they are apt to become partially 
choked with pieces of coke, but an internal diameter of Ifths may be em- 
ployed without inconvenience, if the draft be of medium intensity. The 
mtenaity of the draft may easily be diminished by partially closing the 



damper in the chimney, and it may be increased by contracting the orifice 
of the blast In most locomotives the velocity of the draft is such that it 
would require very long tubes to extract the heat firom the products of 
oombnstion, if the heat were transmitted through the metal of the tubes 
with only the same facility as through the iron of ordinary flue boilers, 
and if it were required at the same time that the heat should be aa 
thoroughly extracted. The Nile steamer, with engines of 1 10 nominal 
horses power each, and with two boilers having two independent flues in 
each, of such dimensions as to make each flue equivalent to 55 nominal 
horses power, works at 62 per cent above the nominal power, so that the 
actual evaporative efficacy of each flue would be equivalent to 89 actual 
horses power, supposing the engines to operate without expansion ; but as 
the mean pressure ip the cylinder is somewhat less than the initial pressure, 
the evaporative efficacy of each flue may be reckoned equivalent to 80 actual 
horses power. With this evaporative power there is a calorimeter of 990 
square mches, or 12*3 square mches per actual horse power, whereas in 
Stephenson's locomotive with 150 tubes, if the evaporative power be taken 
at 200 cubic feet of water in the hour, which makes the engine equal to 
200 actual horses power, and the internal diameter of the tubes be taken at 
thirteen-eighths of an inch, the calorimeter per actual horse power will 
only be 1*1136 square inches, or in other words the calorimeter in the 
locomotive boiler will be 11*11 times less than in the flue boiler for the 
same power, so that the draft in the locomotive must be 11*11 times 
stronger, and the ratio of the length of the tube to its diameter 11 *l I times 
greater than in the flue boiler, supposing the heat to be transmitted with 
only the same facility. The flue of 3ie Nile, as already stated, would 
require to be 35} in. in diameter, if made of the cylindrical form, and 47|ft 
long: the tubes of a locomotive if l}in. diameter would only require to 
be 22*19 in. long with the same velocity of draft, but as the draft is 11*11 
times faster than in a flue boiler, the tubes ou^ht to be 246*558 incnes, or, 
about 20) ft long, according to this proportion. In practice, however, 
they are one third less than this, which reduces the heatmg surface fh>m 9 
to 6 square feet per actual horse power ; and this length even is found to be 
inconvenient It is greatly preferable, therefore, to increase the calori- 
meter, and diminish the intensity of the draft 

The arched forms of the bottom and sides of the waggon boiler are not, 
as is sometimes erroneously supposed, given solely for the sake of ad- 
ditional strength, as the want of proper abutments to the arch, renders 
them only very slightly available for that purpose ; and it is an easy thing to 
prove that greater strength would be obtained if made the reverse way, or 
convex outwards, instead of concave. Great strength, however, in a low- 
pressure boiler, working at only two or three pounds above the atmosphere, 
is not an object of much consideration : but there is another very important 
matter to be considered ; and that is the position of the heating surikce as 
respects the fire grtUe, or as a recipient of heat and also as respects the 
contained water, to which the material of the boiler conducts that heat in 
order to generate the steam. 

As on the proper arrangement of the heating and generating surface 
it b certain that the excellence of all kinds of steam boilers, both m respect 
to durability and to economy in fbel, most materially depends, we shall 
here endeavour to give such a popular investigation regarding it as we 
hope will serve in some measure as a first lesson or key to the art and 
mystery of boiler designing, as well as enable the student to appreciate the 
merits of the common waggon-shaped boiler. 

With regard to the boiler bottom forming an arch over the fire, one 
reason for this construction is very obvious : the heating sur&ce within a 
given width between the side walls of the furnace is hereby increased ; 
and although this may also be said of a cylindrical boiler, where the arch 
is downwards, yet in the former the fire and flame are more enclosed within 
the water, and so far prevented flrom being expended on a large area of side 
walls to no useful purpose. The main reason for this construction, how- 
ever, may be taken to be as follows : — The fire-grate is generally horizontal 
in its cross- section, and the fuel being generally spread equally thick 
on the bars in that direction, it follows Aat the temperature of the furnace 
chamber, so far at least as it depends on the radiation of heat from the red- 
hot coal, must be somewhat higher immediately over the middle of the fire- 
grate than at its sides ; and the effect of the heat thus given out by the 
burning fire against the boiler bottom, supposing the latter to be disposed 
horizontally across, will be gradually diminished from the centre towards 
each side, the effect in all cases being directly as the temperature of the 
surface of the fuel at any given point, and in the inverse ratio of the 
square of its distance from the boiler bottom. Provided we knew the 
exact law of the decrease of temperature from the centre to the sides of the 
mass of the fuel, we could then easily obtain the true form of the curve 
describing the arch of the boiler bottom, so that the effect of the heat 
given out from a fire of uniform thickness would be equal over all parts 
of the heating surface, which would not then be liable to be unduly acted on 
or overheated in one part more than another. Although any abstruse de- 
termination of this is not necessary here, it having been long realized in 
practice to a much greater degree of perfection than it is possible to acquire 
in keeping the fire of a uniform thickness, it may, nevertheless, be useful to 
give a short illustration of the erroneous principle of the contrary practice ; 
that is, of arching the boiler bottom downwards, as in common high-pressure 
or cylindrical boilers. Supposing then that the temperature of the burning 
fuel is no greater in the middle than at the sides of tiie grate, and assuming 
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the ayenge distance of the sorfiice of the fbel below the boiler bottom to be 
six inches, — say five inches in the centre, and seren at the sides — a Tery 
common case, — the effect of the radiated heat against the central portion ot 
the boiler bottom, compared to that of the sides of the fomace, will then 
be as the Pactional nombers J^ and ^ or nearly as two to one : and this 
great disparity of effect is of course still fSuther increased by the greater 
heat of the fire at the middle of the grate. 

Under snch drcmnstances we need not to be surprised at the Tery great 
liability of the bottom plates of cylindrical boilers to became gradnally over- 
heated and finally bomt out, while those towards tiie sides are very little in- 
jured. In waggon boilers, it is true, the conyerse of this does sometimes take 
place ; that is, the seating plates, or those immediately adjoining them, are 
found occasionally to deteriorate and become iigured sooner than those in the 
crown of the boiler bottom. But this result only corroborates the truth of 
the genera] principle we are contending for ; at the same time proving the 
necessity of attending to those apparently unimportant mechanical details 
so commonly overlooked by the scientific engineer ; for the defect always 
arises either from the crown of the arch being too high, or by having the fiiel 
too thick on the bars, so that its radiating sur&oe is too near the sides of the 
boiler bottom ; or oUierwise in consequence of the fire-grate itself being 
placed too high ; whereas no situation of the grate whatever can prevent 
the ii^urious action of the fire against the inverted arch of a cylmdrical 
boiler. 

The manner in which the position of the heating surface affects the 
generatton of the steam, is best understood by considering that it can only 
be by a certain tendency to overheat, or — to use themore ambitious language 
of philosophical theorists — to overcharge the substance of the heating sur- 



&ce with caloric, that any heat can be imparted to the water within the 
boiler ; and xht greater the difference of temperature between one side of 
the boiler plate and the other, the more rapid ought to be the communica- 
tion in order to preserve the latter unii^ured. Now, if instead of the 
heating sur&ce being in a podtion approaching to the horiaontal over the 
fire, as described above, let us suppose it to be placed in a perpendicular 
direction with respect to the fire grate, and let us fiuther suppose the 
burning fuel to be in immediate contact with it, as in fiict it usually is, in 
most of those boilers with internal furnaces, such as marine andlocomotive 
boilers, and in all those called fire-box boilers, — the effect then must be 
that all the particles of water that come in contact with the ituide of this heat- 
ing sur&ce, or generating surface, which are converted into steam, will rise to 
the surface of the water ; and by doing so, if in sufficient quantity, they form a 
continually ascending current or thin stratum of vapour, interposing itself 
between the water and the plates of the boiler, thus creating two evils at 
once ; first, the prevention of a sufficientiy rapid transference of the heat of 
tiie plate to ^e water, excepting only at the lowest point of the effective 
heating surfiice, where the fire is in immediate contact with the plate, 
thereby diminishing the evaporative power of the boiler ; and secondly, the 
effectual prevention of all proper access ef the water to those portions of 
the generating surfJMse immediately above the heated point The plates in 
those parts are therefore sure to get overheated and burnt out in a com- 
paratively short time. This is in fiict precisely what takes place in many 
fire-box boilers, and, to a certain extent, in all boilers that have internal 
fhmaces or flues yrithjiat sides, unless those sides incline somewhat to one 
another, to feicilitate the escape of the steam from the heated surfiuce. 
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CHAPTER n. 



FURNACES. 



It ii, of course, impofsible tbat we should attempt any enumeration of 
the Tarions kinds of steam engine furnaces that at different times have been 
brooght before the public, for their name is legion, and rery few of them 
haTe approved themselves of any utility : but we shall give a brief sketch 
of some of the principal examples. The purpose of all these schemes has 
been to consume the smoke generated in all ordinary furnaces in which 
bituminous coal is burned ; and although the means by which this is pro- 
posed to be done are diverse and innumerable, yet the whole of the plans 
may be roughly classed under two general heads. In the first of these the 
smoke is proposed to be burned by passing it over or through a fire or other 
incandescent substance, and in the second the same end is proposed to be 
attained by admitting a stream of air into the flue or furnace, by which the 
combustion of the inflanmiable parts of the smoke may be effected. Each 
of these methods, however, presumes that there is enough oxygen mingled 
with the smoke for the purposes of combustion, but in the one case the 
necessary supply of air has to make its way through the fire — which it can 
ea^y do if the fire be thin, and the draught vehement — while in the other 
case an orifice is specially provided for its admission. 

One of the first schemes for the prevention of smoke is that of Papin, 
who proposed to make the smoke descend through the fire; — the necessary 
draught for that purpose being maintained by means of his centrifugal 
blower. This is a very feasible scheme, and one which we are convinced 
would be found effectual if carried out judiciously in practice, but the im- 
pediments presented by the coking of the coal and the absence of an 
effectual exhauster has hitherto prevented its success. This scheme was 
revived by Delasme, and was afterwards carried into effect for house stoves 
by Franklin, but various inconvenfences attendant on the lighting of the 
fire, and oUier technical points, has prevented Franklin's stove fh>m 
reaching into any considerable adoption. 

In 1785 Mr. Watt took out a patent for obviating the smoke of steam 
engines by placing the coal in an upright conical tube or hopper fixed in 
the brickwork of the boiler, immediately behind the fhmace door, and 
causing a stream of air to rush through the fhmace door for maintaining 
the combustion. In this plan, there are no fire bars, but the fire rests 
upon a brick arch, and the whole of the air that reaches the fire has to pass 
through the coal that has not yet entered into combustion. By this means 
the gases, evolved from the coal by the application of heat, mixed with air, 
we passed through and over the ignited fuel, and are thereby consumed ; 
or they may be passed through hot funnels or pipes which will accomplish 
nearly the same purpose. This plan, though ingenious and in one sense 
successful, was relinquished by Watt, on account of the difificulty of dealing 
with caking coal, which by its concretion prevented the due admission of 
the air ; and he adopted in its stead the plan of a dead plate between the 
fomace door and the fire bars, upon which the coal is first coked, and is 
then pushed back upon the bars to undergo combustion. This plan, 
wluch is still used by Messrs. Boulton and Watt, is very effectual in pre- 
venting smoke with careful firing : we give a drawing of it as at present 
used by Messrs. Boulton and Watt, in another part of the present 
chapter. 

In 1796, Mr. William Thompson of Bow Lane took out a patent for 
consuming smoke by admitting a stream of air behind the bridge, which 
appears to have been the first plan brought into use on that principle. 
The same species of furnace was afterwards patented by Sheffield, Greg- 
son, and others with trivial variations, and during the last few years a host 
of patents have been taken out for this kind of furnace, some of them under 
very imposing names, but none of them can be said to have been successful 
One great impediment to their success has been the difficulty of apportioning 
the quantity of air admitted to the varying wants of the fire ; for after the 
fhmace has received a charge of coal a greater quantity of smoke is pro- 
duced than at other times, and a considerable admission of air becomes 
necessary ; but if the air valve be regulated so as to supply this quantity, 
it will supply too much when the smoke has passed away, and unless a more 
sedulous attention be given by the fireman than can be expected in practice 
the quantity of air admitted to the furnace will generally either be too great 
or too little, and a defective performance must therefore be the consequence. 
Some of theae fiicts we believe we have^ stated already -, but it is necessary 



to repeat them here to explain that when the fire is supplied with coal by 
means of Stanley's fire-feeding machine, or any other self-acting mecJianism 
which makes the production of smoke uniform, it becomes possible to a^jnst 
the air valve with great nicety to the requirements of the fire ; and even in 
other cases the due adjustment of the supply may be approximated to by 
means of a very ingenious mechanism invented by Mr. Murray of Leeds, 
and described in the London Journal for 1 821. In this plan the air supplied 
to the fire for burning the smoke passes through a tube f^imished with a 
throttle valve, which valve is opened by an attachment to the fhmace door, 
and closed by means of a vane wheel, like a smoke jack, inserted in the 
mouth of the tube, and which is moved by the current of air passing through 
the tube into the furnace. When therefore the fiimace door is opened and 
a charge of coal put upon the grate, the throttle valve is opened by its con- 
nection with the flimace door, and a sufficiency of air enters : but the 
, entering air, by turning the vane, gradually closes the valve as the genera- 
tion of smoke diminishes ; and by a proper adjustment of the mechanism 
to the quality of the coal employed and the quantity introduced at a time 
into the furnace, a very nice regulation of the air may be accomplished. 
At the same time it must be stated that furnaces which admit air into the 
flue or fUmace, even when provided with a mechanism of this kind, have 
not been successfU in practice. Mr. Pritchard of Leeds, in 1821, proposed 
to accomplish the same end as was attained by Mr. Murray's mechanism, 
by means of a piston descending by gravity in a cylinder of air, the piston 
forcing out the air through a small orifice. The desired effect, it is obvious, 
can be produced in many ways, which will at once occur to our readers, 
and which it would, therefore, be superfluous to describe. 

An experiment a short time since was tried at Soho, with the view of 
testing the efficacy of C. W. Williams's Argand furnace, as it is called, which 
is a furnace for burning smoke by the admission of air into the flue by a 
number of orifices, or for accomplishing the chemical combination of the 
gaseous constituents of coal with the oxygen of the atmosphere, as we 
suppose would be the definition in Mr. Williams's pompous phraseology. 
The ordinary boiler in use at Soho was fired with one kind of coal for a 
period of four months, and the effect and consumption were carefully noted. 
Mr. Williams's improvements were then applied, and with the same kind of 
coal, the same man firing, and all other circumstances as nearly as possible 
identical, the consumption, Messrs. Boulton and Watt inform us, was 
nearly a pound per horse power per hour more than before. The furnace 
in its ordinary form, which was with a dead plate fitted before the furnace 
as in Messrs. Boulton and Watt's usual plan of land boiler, produced no 
smoke ; whereas after Mr. Williams's improvement a good deal of smoke 
was sometimes produced, though usually there was none. 

One very ingenious method of consuming coal so as completely to obviate 
smoke consists in lighting the coal on the top ; and a contrivance known 
as Cutler's grate was some years ago introduced for accomplishing this 
object in the case of house fires. There is a difficulty, however, in mtro- 
ducing fi^sh coal beneath the ignited mass, and the plan of a piston for 
raising it up to the fire is inconvenient. In 1815 Mr. William Moult con- 
trived a furnace on this principle, in which he brought the flame over the 
cx>als, the coals being lud upon a dead plate ; but it does not appear that 
this plan has met with much encouragement or success. In 1815 Mr. 
William Losh of Newcastle took out a patent for a combination of double 
furnaces ; in which, by a suitable arrangement of dampers, the smoke from 
one of the furnaces was made to pass into the ash-pit of the other ; and 
mixing there with the atmospheric air, and ascending through the fire, it 
was consumed. The fhmaces were of course fired alternately, so that one 
was bright while the other was smoky. This is one of the most effectual 
methods of consuming smoke that has yet been contrived, but the shifting 
of the dampers is troublesome, especially as they require to be strong and 
heavy, to withstand the heat 

We pass over the plans of Roberton, Johnson, Parkes, Coombs, Stretton, 
and a host of others, as there is nothing in their schemes of much novelty or 
utility. In the report of the Smoke Committee of the House of Commons 
of 1819, a plan is given by Mr. John Walker, junior, of an engine furnace 
with a coke oven attached ; the design being that the coal should first be 
coked in this oven, and then transferred to the grate to be consumed. 

K 
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Tliii Mheme u not very pncticable, bnt wc believe Mmething of the Liod 
it now being rerived bj a French engineer it Manchester, the iletaili of 
which may be snch u to give it a belter chance of Buccesa. 

The two moat important projecti in nnoke-bnming tHimaccs appear to 
he the revolring grate nauall}' known as Brunton'i and Stanlej'a fire- 
f^ers, which ls«I are much employed in the mannfiicturing districts. 
The revotving furnace was described b; Mr, John Steel, of Dartmoalh, 
before the Smoke Committee of the House of Commons in 1B19, and in 
December of the same ;ear the plan was patented bj Mr. Brnnlon ; so that 
it does not appear Tery clevlj to which of these mecbanists the invention 
is due : but, whoever be the inventor, the plan is the best, in oar opinion, 
j-et devised for obviating smoiie, and, if applied jadicionsly, can hardly fail 
to be prodnclive of an important economy. Stanley's plan, which was 
patent^ in 1622, consists in the application of a hopper to the furnace into 
which the coal is thrown, the neck of the hopper beioK furnished with 
grooved rollers put into revolution by the engine, which seize the pieces of 
coal that exceed the size regulated by the distance asunder of the rollers, — 
•nd which may be adjusted by a screw, — and drop them on an iron plate 
nndemcalh, from whence they are projected by ao oirangeiaent resem- 
liling a revolving fan, which scatters the pieces equally aver the fire. The 
geanng, which gives motion to this appBratus, is so contrived, that as the 
eagine becomes qaickcr its effective speed becomes less, and Ihe quantity 
of coal supplied to the furnace, therefore, just comes up to the demands of the 
engine for sieam. A dmwing of this miLcbioe, as applied at the present 
time to boilers io Lancashire, will be given in one of the plates of the 
preMnt work, which will make the nature of the apparatus more intelligible 
than the most elaborate description could hope to effect. A sketch of the 
revolvicg grate in its present improved form, as applied by Messrs. Boultoa 
and Watt a year ago to the iteam furnaces of Ihe Bank of England, is 
given at page 53. of the pre«eat work ; and we must reserve what we hare 
to say fkrther of the contrivance in question until we come to the detcrip- 
tion wbich that representation demands. 

In 1S34 a patent was taken out by Mr. Humphrey JeSt^y, of Biiatol, for 
a plan of condensing smoke and metallic vapours by means of a shower of 
water, which has been introduced with success in many cases in practice. 
In order to carry into effect this plan, it is necessary to have two or more 
chimneys, each closed at the top, and connected together by a cross floe at 
the (op, so as to form a combination resembling the Greek letter II {[ri). 
The smoke or vapour ascends one of these stalks, and passes into the upper 
part of Ihe other by the horizontal flue, where it meets a shower of water 
descending fhmi a tank on the top of the second stalk, by which it is 
carried downwards, and it paseesoffwith the water into a drain. We do not 
think it necessary to resort to this plan for the destntction of smoke, as we 
think that end attainable by more economical means ; but we think the plan 
is one of much value for condensing the iasalubrious vapours of vitriol 
works, copper smelting tumacea, and other such manufactories of asthma, 
and that its use should be made compulsory in such cases. Several newly- 
fledged prq'ectors have been endeavouriog, we find, to altract the public 
attention to this plan under some unimportant modifications, by pretending 
that it is a novelty of their own device : but the plan is an old one, of 
which the patent has for some time expired ; and any one ie free to use it 
who feels so disposed. It will be expedient, io some cases, to make the 
imoke or vapour ascend a stalk several times, or rather to make it ascend 
several stalks in snccession, in order to receive in each returning stalk a 
fresh shower of water; and it is important that the final exit of the gaseous 
matter sboold be at the top of a stalk, which may be made higher than any 
of the others. A good method of forming a combination of this kind 
would be to cause the smoke and vapours to traverse a series of nprighl 
iron cj|linderB connected alternateiy at the lop and bottom, with a shower of 
water in each descending cylinder, and the last one might be carried to a 
aufficieni elevation lo constitate a chimney. 

In 1834 Mr. Evans, of Queen Street, Cheapside, took out a patent for ob- 
viating smoke by admitting steam into the furnace. This plan has been 
often tried : it was introduced into the Edinburgh gas-works many j ears 
ago by Sir. Nasmytb, of Patricroft, and has since beeo revived by Mr. 
Ivison, of Edinburgh ; but we do not anticipate that the plan of admitting 
steam into the furnace or ash-pit will reach any high measure of success ao 
far as relates to the prevenUoo of smoke, though for other purposes its ad- 
mission may in some cases be advantageous. 

Of all the prqjcctors in the field of smoke-burning there is no more 
aasidnous veteran than Mr. John Chanter, He has a great number of 
patents fi>r different kinds of furnaces; and, indeed, his plana vary so 
frequently, that it is difficult to know what they are ; and we question 
whether he is perfectly confident on this bead himself. Hr. Chanter, we 
should say, is a person of a wavering ditposition, the effect in many cases 
of exuberant ingenuity; but, however this may be, we do not think an* of 
his plans are likely to approve themselves of much utility in practice. Mr. 
Samuel Hall and Mr. Joreph Williams have plans for bummg smoke hy 
theadmissionof hot air into the flueor furnace, and Messrs, Drew, Rodda, 
and others, have plans which nearly resemble some of those that we have 
already described. Mr. Cheetham, of Staley Bridge, accomplished the 
combiution of the inflammable parts of the smoke by drawing it by means 
of afka out of the upper partof the flue leading to the chimney, and sending 
it, mixed with atmospheric wr, into the ash-pit, lo ascend through the Are. 
The carbonic acid, which, by rirtue of its specific gravity, occupies the 



kiwer part of the flue, is not returned to the fire, but pastel at once to llie 
chimney, and thus maintains the draughL 

About four years ago certain contrivance* for obviating smoke were 

applied in some of the vessels of the Peninsnlar Steam Company, which 

we may here explain. Fijf. 30. represents the method adopted in the steamer 

Fig. 30. 





William Fawcett The whole of the iHimaces were arranged in pain, and 
an opening was cut through (be waterspace intervening between each pair 
of furnaces, so as to pennit the smoke fivm the one to pass throng a pipe 
fitted at the furnace mouth into the ash-pit of Ihe other, and mixmg there 
with atmoBpheric air, and ascending through (he incandescent ftael on the 
bats of the second furnace, it was consumed. One furnace thus operated 
as a retort while the other acted aa a furnace, a damper extending between 
the double bridges shown in the horizontal section t>eing closed when the 
iiimace received a charge of coal so as to convert it into a retort for the 
time being. As sonn as all the gas was expelled from the coal thus intro- 
duced the damper of this furnace was opened so as to convert it into an 
active furnace, and the damper of the other furnace was closed to be in 
readiness to receive a charge of coal, and no smoke was visible at the 
chimney white this action proceeded. It is troublesome, however, in practice 
to shift these dampen ; and altogether the plan is not so good a« many othen 
that have been brought under the notice of the pubhc Fig. 31, represent* 
Fiy. 31. 




the method of diminishing amoke introduced ioto the steamer Tagus. Two 
Venetian bridges were formed of tiles laid at an angle about tb^ee quarters 
of an inch apart, the bridges themselves being about a foot apart, with a 
vacant space between them. These tiles of course became very hot by the 
fiame passing between them ; and by keeping a thin fire on the tiars, so a* to 
enable a sufficiency of oxygen to find its way through the bumiog Aiel to 
accomplish the combustion of the inflammable gaset during their passage 
between these hot surfaces, Ihe smoke was very completely extingniahed. 
The bridges were built upon an arch closed by a door, so as to enable a 
penon to get into the flues without taking the bridges down. We think 
that a succession of bridges of this description, with a furnace lined with 
fire-brick, a good draught, thin fire, and very narrow furnace-bars widely 
set, would accomplish the combustion of smoke very completely. It woold 
be belter if the tiles, instead of being flat, were semicircular, for the hot 
current would be thus made to reverberate ; and conflicting draughts and 
eddies have a powerful effect in aiding the combustion of smoke. 
Fv/. 32. represents the furnace of Mr. John Juckea, the peculiarity of 
Fig. 32. 




which coiuiMs in placing the fuel on an endless chain aituated between two 
rollers, lo which a movement is given by the engine, and wbich receivM 
the coal at the furnace mouth, and deliver* the clinker* and ashe* at tha 
other end of the fiimace. This we look upon a* a good plan in many- 
respects, bat the mechanism, we ftar, must be expensive lo keep in reptt^ ^ 
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The endlew chain of fire ban »nd iu ristunbg roUen nt ewried on t 
whcried frslne restiDg on raila, so thit the fire 01117 ^ *^ '^J t""^ with- 
dnwn altogether from bene&tb the boiler. The faroace dooi ii of that 
dcMription which slide* up and down, and tbe degree of ite depresuoo 
Kgolates the thickneu of the coal on the bars of tbe gnUe. 

tig. 33. repmenta the fiunace of Mr. Nathan Waddington, in which the 




bin are amuiged in two inclined planes, the coal at the npper part being 
slowlj coked prerioui 10 ila descent apon the bars ; and tbe space between 
the central bar* where Ibe two inclined pluQg meet may be kept open to 
admit enough air to accomplish tbe combustion of the gases. It does not 
ttrike ns that this tWnace is a lery manageable one, and we do not find 
that it hai met with anj conaiderable adoption. The plan of Bring at tbe 
udei, moreOTCr, is sucb as to be inapplicable in most situations. 

Fig. 34. represents the furnace c^ Mr. John Smith, of KingstowD, near 
Dnblin, in the form exhibited b; him before the British Association at 

Frjf. 34. 




Manchester. Tlie boiler is contracted on what has been called the oven 
pbn, which ii without flues, and the flame and smoke pass from the 
funiBce into a burge central chamber, where the infiammable parts of the 
smoke, by being more tbomugbl}- mixed with oxygen, which is also pre- 
»en^ readily enter into combiuBtion. This plan of boiltr, however, is very 
objectionable, from its deficient strength ; and alloj^lber we have not very 
languine hopes of mnch benefit being realized by Mr. Smith's invention. 

Ot all the smoke-baraing schemes that have been bri'ugbt forward, at 
this or at any other epoch, there is none (hat has beeu ushered before 
the public with more noisy pretension than that of Mr. Charlus Wye 
Williams; yet the project is one of venr slender merit j and so hard are ils 
perfeclioDi to be discovered that Mr. Williams, it appears, has bad to write 
an octavo TOlame to point them ont. This furnace, which we need not deli- 
neate, differs in (carcely any respect from the previons schemes of Gregson 
and others, except in the single feature of admitting tbe air by many hole* 
instead of by two or three : but even this innovation had been brought into 
use before the date of Mr. Williams's plans ; though, indeed, it is hardly 
worth while (a rob him of the praise of this originality, seeing bow small 
most he itaiatue. Mr. Wdliamssay^bisis not a smoke-burning furnace; 
and we are sorry to hear it : it is certainly a smolce-generating furnace; and 
if the smoke be not homed, it must pass off nncoosumed. We know, 
indeed, that it will be argued that it is gas, and not smoke, that Ibis furnace 
produces ; and we have not Ibe least objection to call the aeriform matter 
passing over tbe bridge by that name, if it gives Mr. Williams any 
gratification. Bat in ttat cas^ it is obvions that it mast have been gaa 
that Gregson and otben of his fVatemity bamt also ; so that Mr. Williams's 
~~ *~~ * — 1 enjoying any distinction on this score as ever. 
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whatever name be given to its gaaeons prodacts. It is no donbt better, if 
air is to be admitted mto the flues of a boiler, that it shonld be let in by 
many ori&ces iustead of by one or two ; and it would be a iiirtber improve- 
ment, we think, to subdivide the smoke in the same manner. But in 
whatever way the air be admitted, the aeriform matter to which it is let in 
is the same in Mr. Williams's fbmace as in any other; and to pretend that a 
mere difference in the number of holes can change its nature is just about 
as absurd as it would be to allege that water would be tumed into wine 
by pouring it throngh a sieve. Indeed, if it were gas, and not smoke, that 
Mr. Williams's furnace produces, the boiler would continually be in danger 
of explosion ; fur every one knows that gas when mixed with air will explode 
if a light be applied, and a train of giu and air laid in the furuace and flaea 
would be as dangerous asatniin of ganpowder. As, therefore, Mr. Williams') 
l^mace, notwithstanding all its scientific pretensions, is a mere smoke- 
burning furnace, that operates by the admission of air into the flues, it hat 
to be considered with others of the genaa to which it belongs ; and as Mr. 
Williuns has loudly condemned the whole tribe of smoke- burning fumacee^ 
it is needless for us in this instance to repeat the condemnation. 

We have already stated that there are some adianlages peculiar lo thtt 
fhmacei but there are certain disadrantiges peeuiiartoitalso. The small 
air-boles are very liable 10 choke up, and the dispersed Speedily get burned 
out, if made of cast iron, while if they be made of fire-brick they are very 
liable to gel broken in sweeping the flues, and in the case of the contracted 
fhmaces of marine boilers even by the raiies and slices oflheGremaa. The 
alternate healing and cooling again of the iron of Ibe furnace in those 
situations which are exposed to the influence of the dispersers — for when 
there is much smoke in tbe furnace it will be flame that proceeds from 
them, and when there is little it will be cold air — has a tendency to 
injure the texture of the iron, and give rise to cracks and blisters. Under 
auch influencea the iron will be more disposed than in common boilers to 
give way ; and we have heard of several instances of boilers having been 
damaged f^m this cause. Indeed, tbe question has been raised, whether 
the explosion a short time since, of Brook's mill at Boulton, was not owing 
to the injuries the boiler sustained from ^Villioms's furnace, wbich itappeara 
had been in operation in that instance. While, however, it is necessary thai 
we should stale these defects, we do not by any means concur in the utter 
condemnation this scheme has received in some quarters. It is the best 
furnace, we think, of that class which operate by tbe admission of air into 
the flues, or at least is capable of being made the best by a due regulation 
of the dewils : yet this is only a slender excellence, as we look upon aU 
that class of furnaces as impossible ia practice. We must say, loo, that we 
do not see how Mr. Williams's attempts to pass off bis scheme for what it ia 
not, and for what he must have Anoim It ia not, can be reconciled with that 
ingenuousness that is necessary (0 the chat^cter of a gentleman. Tbe 
title of the Argand furnace can only tend to mislead tbe unwary ; and it is 
as idle to pretend that its operation is therefore like that of an Argand lamp 
as to maintain that if it were only called a Circassian furnace lis fumes 
would improve the complexion. The fnmace is, in truth, one of much 
mediocrity, and will not, we are persuaded, come into any considerable use, 
whatever be the advertisement and agitation. The disadvantages are too 
many, and the benefits too few, for the realisatioa of this result ; and tbe 
experiments at Soho, which we have already mentioned, have, in our 
judgmeal, rung this project's funeral kneU. 

Fill. 3 j. represents the furnace of Mr. Geoi 
been applied at Woolwich and other places, 
identical with that ot Culler's grate, already described. The coal it 
introduced into a box beaeath tbe furnace, provided wilhamoveable piston, 
on the top of which the coal lies. There are two sliders for closing tbe 
opening in the grate nsually occupied by the box at such times as the box ia 
withdrawn to be repleniEliud with coal ; and when the full box it replaced 
these sliders are drawn back, and the Coal in the box ignites id the to^ 
As the coal bums away, the piston is raised up in the box to maintain 
the burning fuel at the same level ; and the gas expelled item the coal by 
heat is consumed by passing through the incandescent fiiel on the 
bars. This species of furnace, indeed, la a tort of coal-torch, and its whole 
advantage lies in the gases of the coal beiog presented for combustion, without 
being intermingled with the carbonic acid and nitrogen, resulting from the 
combusdon of the coaky part of the fuel — ^the ur being admitted through 
a number of orifices aronnd the top edge of the torch to accomplish the 
combustion of the gases. It would be difficult, however, we fear, in a lane 
famace, lo mingle the air with the gases sufficiently, or duly to regulate the 
quantity admitted m such cases. In the case of a house Gre there is no diffi- 
culty upon these points; for as the fire is but small the air has an easyacceat. 
and an excess of air in all open fires ascends the chimney : but in the ease of 
a furnace for a steam engine an excess of air acts most perniciously by cool- 
ing the boiler ; and a furnace which involves such a risk is not likely to be 
succcsafuL The raising of the coat by manual labour applied to the piston 
is another objection to this plan, though by no means a serious one, aa it 
would be an easy thing lo raise the piston by Ibe engine. It may aid the 
comprehension of the plan if we give some lettera of reference. A and D 
the handles for moving tlie slides B and G, C the handle for moving the 
racks F. F, which raise the pislou in the box E. 

There are several phms for burning anthrocile coal in ordinary furaacea 
that have at various times been brought forward with different degrees of 
■uceeu i and we may for a moment glance at some of these projects. Mi^ 
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Bovell, of Fhiladelphli, tiMk oat a patent, in 1Bse,A>T a Terjr judicious 
ftiRiace of thii descriptioD, the cMef peculiarity of vhich vas, that the heat 
from the coal vai prevented from entering the vater in the wake of the 
fiiniace by liniog Ibe fnniBoe with fire-briclc ; and the temperatore wai 
, that kept op to a point safficient for the accomplishmeat of the decired 
object. A mtall iteamer, called the Anthracite, was for aome time ran 
apon the Ttuunei, in which the fiirnace was so constmcted that the coal 
wai gradaallj made Tery hot before entering into eomboslioD on the ban ; 
and the plan of Mr. K^rmer. for accomplishing the combustion of anthiacite 
by meaiu of a fan-biast, and by neing bars with a trough of water under 
each, is well known. The water preserres the bars from being burnt out, 
and the steam which arisea from it by passing through the fire carries the 
heat into the floes and diSiises it more effectually ; whereas, by boming 
anthracite without steam, the heat is too local, and is liable to damage the 
iron of the boiler. There ii not much difficulty, however, in burning an- 
thracite beneficially according to our views of the nutter without these 
water troughs, if the furnace be made very large, be lined thickly with fire- 
brick, and a very thick stratum of incandescent fuel be kept upon the bara. 
The difficulty attending its use arises from the circumstance of its being 
less easily kept alight than ordinary coal, — just as lighted coke is moredi^ 
ficnlt to keep alive than lighted charcoal ; and the difficnlly is to be got 
over by the same method that the difficaltj was anrmonnted of using coke 
instead of charcoal in smelting furnaces, at a certain period in the history 
of our iron manu&clore, — the employment of larger birnsces. 

We have now, then, ennmeroled most of the emoke-preventing fbrnacei 
that have occupied a prominent position in the public eye, though there are 
a vast number of analogous schemes, the names even of which we have 
' : and the question very naturally arises at this 
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extirpation of ineh a nuisance? We reply, wkbout beuruioD, thU titer* 
are several such plans, and we shall here enumerate those which we think 
the best calculated to accomplish the deured ol^ecL The boilers of the 
Cornish mines produce very little smoke, in oonsequenee of the slow com- 
bustion of the coal there practised; and « slow combustion and a large 
furnace and boiler have the effect of mitigating the evil of smoke to a great 
extent. Much of the smokeless efficacy, however, of the Comiih hoilen 
arises from the use of Welsh coal, which contiuns but little bitumen, and 
does not produce much smoke ; and there is moch less hardship io com- 
pelling smoke manu&cturers to use this cosl if tbey feel disposed to reject 
other smokeless expedients, than to make the public still suffer the infliction 
of so great a nnisance. A miitnre of coke and anthracite, too, may be. 
burned beneficially in any furnace of the common kind : and the expense of 
■DCh a mixture is not so great as to be a reasonable barrier to its employ- 
nent. Watt's plan, again, of coking the coal on a dead plate previous to 
its introduction to-the furnace, is very effectual, with judicious firing ; and 
M the chimney of the engine at Suho, whertf this plan has been in use for 
half a century, snioke it never to be seen. Fig.ai, is the representation of 
Fig. 36. 
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B30-horse bailer, erected by Messrs. Bnulton, Watt, & Co., for an engine 
made by them at H M. Victualling Yard at Deptford. The dead ^plBie, it 
will he observed, runs in the same hue as the bars, and the inclinalian at 
which both lie facilitates the transmission of coal from the one to the other. 
The gases arising from the green coal in passing over the fire are con- 
sumed, enough air being in the furnace to accomplish tbeir combustion. 

The best plan, however, for burning smoke that we are acquainted with 
is the revolving grate we hnve already mentioned, as improved by 
Messra. Boullon and Watt, and applied bj them to the boilers of the 
engines employed in the Bank of England. This apparatus is ^own in 
figt. 37^ 36., and 39. i and its structure is so fully shown by these deline- 




Horiionu] JKIloii. 
atioDs. that a brief description must suffice. The rircnlar grate, supported 
on an npiight Bundle, ii put into revolution by meani of wheel-w<n«, au-^ 
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the coal li dropped upon the grate from the bottom of a hopper Bbovn 
Jift. 38. and 39. The grate ii corered with a lupplementary botl«r made 
low M M to admit of the hopper being placed opon tbe top ; and the hot 
air, proceeding from the fire after acting on thia boiler, proceed* throngh 
the flnea of a conunoD wiggon-boiler to the chimney. A ledge of brick 
niTODndi the grate to retain tbe eoal upon it; and nearlj underneath the 
brickaprojeating plate of iron ruiu in agrooTeof undwittopreveataiiy 



boiler vere done away, and the grate plaeed in a hiniace of a ilmilir Eh^ie 
to that of a locomotiye fire-box on the contlmction of Ueura. Sarj and 
Co. i and thia furnace ahould be lined with fire-brick ; or a belter plan Mill 
would be to make the boiler with perpendicular locomotite tabes, after the 
fbihioa pncliied b; Metert. Bennie, and described in another part «f Ute 

Fig. S9. 




' air bto tbe ftiraace. A box of cast-iron ia tet ia the brick-work 
to contain the beTel wheels, which giie motion to the grate ; and the large 
wheel, b; vhich the motion is imparted to the grate, ii situated imme- 
diately beneath the bais, with its teeth protected, by the ring of brick 
above, from the AdUng ashes. The ootlet for the pnidncti of combustion 
M, M will appear by a reference toj!;. 3S., on the opposite aide of the grate 
to that npon which the coal it admitted, and the gases extricated from the 
coal by passing orer the incandescent iiiel oo the other parts of the grate 
an oonsDmed. It would be an improvement, we think, if the supplementary 



■ — a large Bre-tile block, perforated with holei opposite the 
terposed between the tube plate and the £re, both to shield 



tabes, being interposed b 

the tube plate ftom Injnrious beat and to make the combustion n 

feet within the furnace. Boilen constructed on this plan would esoit no 

smoke, would occasion no trouble in firing, and would operate with a mode> 

rate coufomption of foci. 
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VARIETIES OF BOILEES. 



_ jDiumption of f^el, tad toch other particular! reluiTC to their perfo 
snce aa vUl be a guide to the engineer and ihair forth the best meihodi of 
cmutmctioD, ire &nk it eipedientito give dra*iDgi of some of the boiler* 
of which these particnlara are to be Oetennined, both to render our tabulated 
renilta clearer than they canld otlftrwige be, and to fomisb the engineer 
vith example! to aioid or imitate. These delineations are all mode to a 
scale, and on the more important of them the sizes are also marlicd; so 
that these wood-cuts may serve all the purposes of worliing drawings — 
half an inch either in excess or defect in Uie length of a boiler being ■ 
thing of DO imptxtance, Sot^oined are given two scales, the one or the 

Fig. 40. 



other of which is applicable to nich of the boilen represented as are not 

meBsnrable by any of the scales in commoa use. A notiflcatioa will be 

pven of each case in which either of these scales is to be applied. 

Fig. 41. KpreMntt the Batterly boiler, which is much used in the mann- 

Fig. 41. 




fictaringdijtricts; aaijig.i2. a species of boiler called the French boiler. 
Fig. 4a. 




in conseqnence of being of French ongin. This boiler u a good deal used 
in Lancashire, and i* spoken of highly. We think it more condociTe to 
accomplish perfect combustion than any boiler with which we are aequunted, 
on account of the interposition of an arch of brick between the fiimace and 
the boiler bottom, — two tubes, connected to tbe boiler by means of necki, 
being the whole heating aiirface to be found in the furnace. The smoke, 
it will be observed, first passes to tbe end of the furnace beneath the brick 
arch, and then, rising up, comes forward to the front of the boiler in the 
(pace left between the brick arch and the boiler bottom, alter wUch it 
posses, by the plan of a split, along tbe bolier sides to the chimney. The 
anticipation, looking to the peculiar construction of this plan of boiler, 
would naturally be, that the tubes situated above tbe Sre would be liable to 
bum oat from the accumulation of depotitnre in diem, and tliat the steam 
could only asccDd to the water surSice with great difficulty, and at the 



expente of a great agitation of tbe water, which might oecaiion priming : 
but we have not been able to lesm that these evils have arisen to any in- 
convenient extent in practice ; and we find mannActurers and others per- 
s of this ! * ' 




Fi>. 43. ia a motverae section of a SO-bone-power waggon boiler of the 
kind employed by Hessn. Boolton and Watt This boiler will serve aa a 
type of ita clasa. We shall hereafter give the length, breadth, height, and 
sorfoce for the different powers. 

Fig. 44. represents tbe boilen erected W Hesin. MaudiUy and Field at 
theljDiidon terminus of the Blackwsll Railway. One set of tbem is on the 
Cornish plan, and the other of the ordinary marine construction ; and with 
the same amount of surface, and all other circumstances as nearly as poe- 
sible the same, the Cornish have been found to be the taut effectual it the 
pressure at which time boilert ire worked. 
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Flpt. 49. audit. TcpTMent a Und btnler of ■ TCTf good descriptioii con- 
Mraettd br HcMra. Caird aad Co. for a lilaat engine of imall aiie. Thia 
kiadof badtfUeomiioneDoaghi but it hat genenll; mtly one tab« for 
iwiliiilliU 111" imiilii lliiiiimli ilii liiiilii, iiiiitriil nfttin i tin tiiir repre- 

Pifa, 47. md 4S. nprttrnX the boiler introdneed hj^ Ueans. Caird into 
tama ina Im Iwwii made ^ them. CylinAer, 33 iochei in diameter, 
hiflh of itrak*, 8 ft. a inchea. We iliaU not, in gcDcral, ^pend the aiie 



of tbe enginea or the mimbcT of the bwlen to the dnwingi, aa til thia in- 
fbrmation will be given in a more commodioni fbnn in the taUe* ve intend 
loftimiah. 

Figi. 49. and ISO. represent a Yankee boiler, which vill be looked npon 
aa a lort of phenomenon in thia coontrj. The reasel in vhich thia boJer 
ia applied ii aaid to nm 150 milea in abont S honn. The plates are j' 
thick ; HTet*, tV diameter, and the preeaore of the (team i* SO lbs. t 

Fig*. 61, S3, 53, 54, 5S, SB, are different Tieirg of the boileta OF the 
Fig.*6. 
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Phianix, » iteamer conrtntctcd b; Hem. Bcott, ffiiieldr, uid Co^ for itorn tmmI Don Jii>ii,eoDitraetedb;MeHn.Oinlw<xid&Co.,o[GI«BB)t«^ 
^jring between Ckpt Tovo and AigfM B*j, U tlie Cape at Good Hope. — -- 

Fig. 47. 
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provided with collecting reuela witliiii the bdler fiir ob- 
Fiy. 48. 
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Tiadng tbe depoaition of icale ; an expedient of moch efficsc;, and of 

wbieh at the right place we ahall fiuniih our readen with foil intbrmation. 

Figi, 5T, 58, S9, repreieat the bi»ler> of the Achillea tteuner, conttnieMd 



1)7 Menn. Curd and Co. Thi* veaHl pliea between Urerpoot and Glaa- 
gow, and ii well linown fbr her nomeroui excellecciea. 
F^ GO, 61 63. 63, and 64, are different view* of the biulen of tbe 




Soli t>ir«-l«ntli lDch< 



tor the Peninjolar Steam Compan]'. These boilen prodaced tui<abundtmee 
of iteam fortbe eo^es, [be cylinders of which were GB intha in diameter 
and E (M. in the length of atroke, but Ihey were expensive in cral. Tbe 
plan of a boiler with a double tier of Atruacea leema to be more expen^ire 
u fleam, apart fnan all contideratioiu of Convenience in Griog. than 



Fig. SI. 




bailers made with fnniacea In the ordinary way. The iteam riaing from 

tbe nnder fiimace will impinge on the iron of the ub-pit of the upper one. 

Fig. S3. 
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vhieh ia kept at a loir teniperatare ^ the «tre«in of cold air Ruhiiig to the 
fire 1 and it is probable that a good deal of the steam \a condeiued again 
after it bv been generated b; the refrigeratorjr effect of the raperior aab- 
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bcnlen of the filter iMp, the Eagle, also b; Che lame maker*. Ther« U 
noAiog of peenliar eicellence in Uiese plana i and, fbr steam reaMU, ve 
beliere boilen erf this Idod villbeaaperaededb; the tubular plan of boiler. 
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nt which wt ihaU give alt the be«t apeeimeoa. Bot a good nmnber of 
hmlen upon the eommoa fine plaa are atill made, ao that aome apeeimena 
of them ai« indiipenuble ; and, indeed, there are itill &r more One boilera in 
nae than there are of anj other deecripdoD. In most of theee boilers it i* 
■ &Dlt that the fiuiiacea are made tt>o long and Darrow, and the conseqaence 
ii, that it ia impouible to fire them on a long sea-yo)ragt, especi^j in 
•tonaj weather. It ia moch preferable to reatrict the fliniacet to a mo- 
dCTBla length, and give the ban a eonuderaUe eleTation, lo thM the; 
■Iwaya be well eorered with coal at the afier ends. When the fomaeef 
tn very long, a good deal of air generally eicapes into the fines at the after 
end of the bHi,£e effect of whit^ii materially to lessen the generatiaa of 
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Figt. 11, 73, Emd 73 repreient th« boilers of the Thnmet and Medwajr, 
two Tuieli of large liie, constraclcd bj Menn. Maudsbj BDd Field for 
(he Royal Mail Steam Packet Company. Tbe boilen of theie yaeseli ha*e 
been Terj nccesiful, and are among the bett specimeni oT the flue boiUr 
ai applicable to marine eoginea hitberto produced. We do sot know of 
any boiler of this kind that ea^een may imitale with greater safety, as 
regarda their power of generating Eleun. though there are many specimen! 
diatingoithed by a greater dnrability. In aome of the boilen recently in- 
trodoGcd in the Rojnl Mail Sieameri^ the fbmacei stand athwaitahip), and 
the plan ii attended with the material adTantage that the coal* trim more 
eaaily ; for the c<m1 merre in thii amugement timaled behind the boUera, 
and another depdt atanding between the boilen and the enginea, com- 
monicate immediately with the ati^e-liolei^ whereby u ewy traoifer of 
the ooal beoMiwi •oeomplithable. 
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Figi. 74. and 75, are alio Tiewi of the boilen of the ThaniH and Hed- 
w^. These Tievt are perpeadicnlar ■ectioiu through the lineB A B and 
CD.ihovD in the horiiantiU wclioiithniaghlheiuniaMi,^ 71., and the 
horiioDtal Mctioa through the floes,/!/. 7S. The dotted sweeps at the two 
upper coraert r«prei«Dt the ucent of the flue into the funneL The flue 
narrovi in width and rises in height ai ii approaches the chimnej, br the 
■ame area ii not required for the truumiision of the amoke after iti volame 
has been contracted by the commuDicatioa of heat to the water, and a less 
depth of wBlcr above ibt Suesnfficei aAer the heat of the amoLe traversing 
it has been well uigh expended. The bridges B C/V' 71.) are water bridges, 
and their superior ridges do not run in ■ boriionlal, but \n an oblique 
direction, the design of which is to facilitate the extrication ot the steam. 
There are four boilers in all, and the boilers are fired from both ends. 



Fig. 76. 




Figt. TO, 77, 7S, and 79., represent the boilen of the iteamera Dee and 
Solway, constructed for [he Royal Mail Sleun Packet Company by Hessra. 
Scott. Sinclur, and Co., of Grwnock. These boilers, it will be remarked, 
have a double tier of fOmaces one above the other, instead of being fired 
train both ends as in the preceding example. The length of the atlermoal 
firing space is saved tn the vessel by this arrangement, but the plan baa 
disadvantages enough to overweigh this benefit. Of these, the chief per- 
haps is, that it is very difficult to fire the two tiers c^ furnaces effeetnally. 
The coals, moreover, do not lead from the coal boxes so coDveoienlly, or 
M well maintain the trim of the ship, as when the boilers are fired from 
both ends. It appears to us, moreover, that the steam riaicg from the 
lower tier of fnmaces miut tie cooled and weakened by its impact against 
the ashpit bottoms of the upper tier, into which a stream of cold air is 
•Ivays passing to maintain the combuition of the fires. The ashpits, 
are necessarily inconveniently shallow, and, as will be remarked by 
referring to jig. 78., it beeomes difficult with such (hallow ashpits to 
obtain the necessary inclination for the furnace bars. These conuderaliou* 
-_3- .- ^^ description of boiler, and indeed it is last biting into 
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There ut lbi«e lioilen in each Tetwl, vith ux thraaces in each boiler, 
nukioff eighteen runucM in each veueL The boilert repreunted arc 
properl; those of the Solva;, for thoae of the Dee, inatead of bebg each 
rounded on the top in the manner ahown in the draTing, have the top car- 
ried in one s«aep trom the one aide of the boiler to the other, ao that the 
topa of the aeveraL boUen form coqjointl; port of an ellipae. The touU 
heating anrlace of theae boUera is 4156 square feet; total fire aurface 
468S0'« aqoare inche* ; veight of each boiler a?} tona i the diameter of 
the cjlindera of Iheae veiaeU ia "3 incbei i length of atroke 7 feeti 
nominal hone power 400 ; heating aurfhce per horM power lO'S aqnare 
feel i fire aurfaee per borae power 1 IT aquue inchea. 




Id furnaces with two lengtha of rnmsce bars, it ii a good plan to malce 
the centre bearer double, ao that the enda of the bar* may haye a apace be- 
tween them ihrongh which the aahea will be precipitated ; the apace thui 
left enables the ban to eipand wilhonl injury oa file application of heat, 
whereas, without some such proviaioo, the bara are -very liable to get 
burned out by their cenlrea bending np into the fiimace, or elae the Ingi 
which carry the bearer bara will be perpetually being carried away. A 
aimilar apace should be left between the fore end of the bara and the dead 
plate at the furnace month, and care should be taken that not only the ecda 
of the bara do not touch, but that the heeLa of the ban do not rett agauiM 
the famaoe beaten. 
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The bridges of theae boilert are, it will be obaerred, of brick, and come 
tolerably close to the furnace lop. In such ctaes it ia eipedient to make 
the upper part of the bridge conust of one or two fire brick blocka which 
may he lifted off when a person require* to enter (he fluea to sweep or 
repur them. The continual knocking down and building up of bridge* 
becomes otherwise very expensive. In boilers of thia consi roction it is d&- 
cntl to light one tier of fires after the others bare been thoroughly kindled, 
as the fires first lighted keep the lead in the dnught. It might be antici- 
pated that by firing Ihe tier* of fires alternately, the amoke would be humed, 
but such ia not fbond to be the effect 
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Figt. 80, 81, BS, 83, B4, SS. reprcwnt the origiul boilm of the Great 
We<(«ni Bteamer u made by Hrun. Hiodtlaj, Son*, and Field, and fig$. 
86. 88, 89, and 90. the present boilen of (Ik ume tcbscI, irbkh an of 
the tnbnUr deaeripdou. Theae tabular boiler* ar« rather diort of ileBiii, 
the tkalt being that the tubes extr«ct the heat from the smoke too 
effectoally, and leare bat little waste heat to maintain the draoght : bat 
this ETil may euilj be remedied, either bj pnlting a steam blast pipe into 
the chimnej, ai in the case of locomotives, or bj cntting a hole tfaiongh 
the iraler-»pace that separutes the inferior and superior smoke boxes at the 
after end of the boiler, so that some of the smoke will ascend the chimney 
withoDt pesdng throngfa the tubes at all. These perforations might b« 
fitted with dampers, so u jost to allow enough hot air to escape through 
them to Tn|ilm»m the dnnght, and no more- 



Fig.ai. 




horiMOD ha* been made in these boilers for the iotrodnction ofa fkn blast, 
which would at ooce core the eTil of a defectiTe draft. Tfae fumacet 
woold, in thia plan, be mode close, and the blast would be iotroduced into 
a ehunber at the back of the uhpii x.,Jig. 90., from whence it would pass 
tnto the ashpits by neeks l A ', fig. 86. One ioconveiiieiice, however, of 
a ftn blast thu applied is, that the smoke comei oat of the furnace doon 
»ity much when they are opened. 
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•1 SkUoo iboia TubH. 



The partiealsrs respecting the scarcity of steam in these boilers we hare 
obtained ftom Mr. Gappy, by whom we betieve the boilers were designed. 
Almost erery engineer hals made tabular boilers that were short of steam, 
bat we never before met with one who acknowledged it. 




The original boilera of the Great Westero, ai repretenled in figt. 80. to 
85., contained of floe snr&ce S950 square feet, and of furnace surface 890 
square feet, making 3840 square ffeet of heating snrfkcei area of fire ^t« 
aoa square ftet: capacity of steam room llSOcubic feet; weight of boilera 
and steam pipes 909 tons ; weight of water 80 tons ; average consumption 
of coal 1000 tons per voyage out and home of 97 or 98 days. In the 
tubular boilera, figt. 86. to 90.,, the tube surface is S900 square feet, smoka 
box surftce 830 square t^t; furnaces 490 square feet; making TISO 
square feet of heirting surihce; area of firegrate 14S square feet; wei^ 
of boilers S6 tons ; weight of water S9 tons ; cspacity of steam room 1390 
cubic feet ; average consumption of coal per voyage out and borne of ii 
days 636 tons. The Speed of the vessel, it will be observed, has somewhat 
declined with the new boilers, but there is a greater economy in fuel apon 
the same distance. The home power of the Great Western is about 400; 
the panieolors of the two bulen will therelbra stand as fbllov*: — 



Varietia tifSoiUrt, 



Heating mrfkM pet horM poirer 9'B 17-8TS 
Kre-gTBto per bor«e power •<[ -SSSS 

Steam room per horao power 3-675 3-3 

Cotl per bonr pei horn ponef S'933 S-Q 

The connDiptioD of fuel, u here set dovn, it miut be borne in mind, ii 
that of the old boiler in iu inpenumoated itste, and of the new boiler in iia 
bert itate. The old boiler when new did not conanme more than 6 Ibl. of 
coal per bone power per hoar. 
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HoriiDDtal SkUoh. 

The tnbet of thete tabular boileri ai« of iron of 3 inches internal 
diameter, and B feet in length. The fbrnaces the 6 feet 3 inehet in length, 
which is in our judgmeat a greater length than can be flrcd cffectuBUj on 
•0 kms a voyage aa the Great Wettera haa to perform. The water within 
the boiler riaea some diilance above the top tnbea : it would be better, we 
think, to let tite retam tnbea ga through the itesm, which woald drj it 
vei7 effectnall;, and anrcharKe it in •ome degree with heaL Thii could 
•Baity be done In lowering the water level, and the hot sir will be loffl- 
(tiendy coaled after paniag throogh the lower tier of tnbea. to prevent any 
itqory to the upper tier froia an eiceea of heat One of the advanlagea of 
inni tabei, ia, that they can be nbjected to a degree of heat with impanitj 
that woald be unsafe to apply in die caae of braia tnbea. It ii laid, how- 
ever, thu the scale adherei to them with greater tenacity than to bran, bat 
thia otyection ia not likely to prove of moch weight if the boilen be well 
Uown OD^ for, In that eaie, Tery little (cale will be Ibimed at alL 



Fig*. 91. and 92. repretent the btnlen of the Britiah Queen iteamer, con- 
(trncted to ply between London and New Yorkl There ia nothing very 
peculiar in thia kind of bailer, and indeed it ia nothing more than the 
common marine boiler at uaed for the ordinary coasting vessels conatructed 
ODOn a larger acale. There are fbor boilers in the vessel ranging athwart- 
ships, containing In all fbnrteea fomaces, the wing boilers eontamlng four 
fomacea each, and the midahip boilera three fornacea each. The prcgection 
of the water-apace into the floes at the after-end of the wing b(nler is to 

Fig. ga. 
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obviate a back-draft in the fonaeea, in coiiaei)nence ol the outenla of hot 
air meeting one another in a direct antagnuam at the ptunt iriiere they 
coalesce, and which they would do bat fbr tlus protnberaoce, which deflects 
each of them sufficiently lo make it enter, withont conflict, the longitudinal 
flue. Tbae boilers were kept sopplied with fteah water, aa the enginH 
are fltted with Hall'a condeiisen, which return the condensed atram to 
the boiler to Fnnipt^in the water level This species of condenaer ia now 
diacontinued in moat vessels, at ita weight and expense are formidable ob- 
Jectiona, and it doea not act as a preservative of the iron of the boiler IVom 
corrosioiL One government vessel some time since fitted with Uill't 
condenaer had no l«ss than S3 mile* of copper pipe for accompEahing the 
condensation of the iteam. The use of salt w 
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r in boilers is attended 
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Fig*. 93, SI, ind 95, Teprcwnt the boilen of the City of London, 
•tewuer, » T«HeI Ulcly comtracled by Mr. Napier of Olugow, to ply be- 
tween Aberdeen tnd London. Tbne boilers are mnch apon the plan of 
the boilers of the Thame* and Medwftj, and are fired ft'Om both end* 
initeAd of from one eod, as in the boilera of the British Queen. There ii 
■ hanging water bridge, it will be obaerved, at the end of the fdmace. 
Fig. 93. 
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J. 93.) beoesth which the flame has to descend before it cmi enter the 
M. This amngcmeDt we look npon u very jn^cions. ^Hie hot tir, 
by -nxiaiB of its specific lentj, ascenda into the upper part of the foniace- 
cumber, vhere it remains nntil it has given oat a considerable portioa of 
its heat, and it is only after its specific grtTily has been increased by the 
estraetion of heat that it can orerflow into the floea. It is alio a good 
Figi. 9*. 9i5. 
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bridge of sheet iron at the after end 4^ the fine, 

Plata XXXI repreMnU the boilna of the Sydenham, and it a common 
tna of boUen made at the QoTernment yard at Woolwich. 

rlM J^Tt* " T t pr mnti the boilers of the Bragania, a veaiel with 63 
iack cylbiden, and S-6 inches (troke. These boilers which are by Messrs. 
Bbw, Cartii, aad KMmady, lia<A been fboud very satiibciory and aoc- 



Figt. gs, 97, and 98. repreient the original boilen of the steamer 
TagDs, constructed by Meurs. Scott, Sinclair, & Ca i and Jig*. 99, 100, 
and 101, the present boilers of the same veiiel, which are of the tabular 
description, made W Ueurg. Miller, RaTcnhill, & Co. The following are 
some of the dimanuoni of the original boilers : — Length 34 ttet 3 inebei, 
height 10 feeti breadth of etuh boiler 7 feet 6 inches, making the total 
breadth of the boilert about 22 feet 8 inches, with pnqections of rivet 
heads. Length of nnder fdrnaces 8 feet; length of opper fnrnacei 7 Ibet 
6 inches. Breadth of iimiscei 3 feet ; total number of furnaces 13. Eadi 
boiler contains fourteen iron pipes of about 10 inches in diameter, and 10 
feet in length, tbroagb which the smoke ^passes on its way to the chimney. 
These pipes are formed of boiler plate, with turned rings or collars attached 
(o each end, which are inserted into holes in the smoke-box platea, and 
then riveted over. These rivets are liable to get bnmed away by the action 
of the flame, as the collsrs within prevent the water tuna getting access to 
the angle, and the plates into which they are fixed then get pressed out by 
the fbrce of the steam. It would be a good plan to cover these rivets with 
Fig. 9«. 
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aoothiT perforated piste placed iboTC tbem, the hole* 
in which (hotUd be of a tomeirbat enuller diameter 
than that of the lubei. 

The present boiler* of the Tagiu -we cannot regard 
ai Mewn. Miller and RsvenhiU'a moat (neceufUl 
apecimen of tubular boilera, for tbej' are liable to 
prime, and the water-level, in conaeqnencs of the 
eleraied poaition of the tubea in the erowo of the 
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boiler, i* liable to «ndden and Urge fluetnationa. 
Theie boilers are fired from each end, as in the eases 
of aeieral of the boilen we have already deacribed, 
and there are four boilers in all to supply the engine* 
with iteam. The cylinders are 63 inches in diameter, 
•nd the length of the stroke S feet 9 inches. The 
boilers are 1 feet long each, making the length SO 
feet when placed back to back, or with a passage be- 
tween the ends, and measaring over the furnace- 
months atioal S3 feet, as in the case of the former 
boiler*. The width across the boiler, at the widest 
part, is about T feet, and (here ii a pauage between 
the boilers, making the total widih of (he boilera 
•bont 15 feet. The height is 9 feel, bnt the whole of 
the space above the top of the boiler ii occupied with 
ftunel*, pipes, and steam cheats, whereas in the former 
plan cmt wai carried iboie the boiler. The aaring 



Fig. loa 



Fig. 101. 




in width is therefore nearly made up by a last of 
space in the direction of the height, and theu tlien i« 
the extra room occupied by the after firing apace, ao 
that, although theae boilera are amall, they in reality 
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Fig: lOa and 103 represent upon a larger scale a aet of tubular boilers conttrneted by Hettr*. 
Miller. Ravenhill, & Co., for the ateamer Madrid. These drawing* so completely illnslnte 
themselves that the^ do not require any deseriptioD. 

Fig*. 104 to 109 Uliutrate the causes of explosion of a tubular boiler in the steamer Cricket, a 
smalt vesael plying upon the Thime*. The eanae* of this accident were ably investigated by 
Mr. Baker in a aeriea of articlea published in the Mining Journal, from which paper these cut* 
are taken. Mr. Baker very clearly shewed that the eiploaion had ita origin in a gross malform- 
ation of the boiler, whereby ita strength was impaired, while the safety valves were at the 
same time prevented from acting efficiently, so that no ordinary amount <A careltil management 
conld have imparted safely to soch a boiler. 

Fig. 104 is a longitudinal section of the boiler of the Cricket in its original state- A, is the 
bottom of the fimnet ; B, the steam dome ; C, the safety valve chest fitted with Salter's spring 
balance acting on the end of a lever ; D, waste (team pipe ; E, casmg over steam dome ; F, blast 
pipe : O, fariiaoe ; H, H, H, tnbe* t J, lower part of ash-pit, the plate of which, originally { th* 
thick, waa wasted by oorromn from leakage, &c, uatil jt was only ^ thi thick when the rupture 
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took pIiM ; K, aih pit ; 3, water level ; 4, level of Titer at lecciDd gsage 
akk. 4 iDche* higher. The dotted line* *t the front of the boiler, and at 
the top of the fire box, shev the bolgiag and diitortioa irbich W taken 
place long prior to the exploaioo. 
Fig. 107 i* ma enlargement of a part of the boiler ihewn infig- 104, and 
ttii WiTTiT lctl*Ti tX Teitrence sppl}' to 
each, but a and b are two angle irons, 
not Egared in the dming on the 
smaller scale, ooe of which prevented 
the adeiiiate rise of the lever of the 
eoTelj tsItc. This levtr is shewn in 
I dotted positions, of which the 



Fig. 104. 
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an area for the eacape of the 
equal to that of ' 
and the higher. 



I give 

pipe, 
area equal to that 
of the valve 
ilteir. 

Fig. 105 ia 
a ground 
plan of the 
lower part of 



but which pin did not enter the corresponding holeofthelowerttaj. Figt. 

108 and 109 are perpendicular Bectiocs of the same May. t» fixed at first, 
and as displaced prior to the destrnetion 
of the boiler. 

A, is the himiapherical shell at back 
of boiler ; B, back of tube box ; C, fonr 
riveta which appear to have been in- 
tended for (he attachment of the angle 
iron, which however was placed 3 inchet 
higher; D.in/jf. 108, ihewsin whatwaj 
another angle iron should have bem 

E laced to make the stay efficient Mr, 
:aker has proved that by the diiplace- 
ment shewn \ufig los the internal part 
of the tit 11 r atted us a 1 * r to ruptnre 




Fig 107 
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TU pTereoted from esekping 
freely, bnrtt the back tad front 

CI of the boiler ■nuidn' ; tl)» 
t and intenial parti oT the 
boiler being foi«ed fonrird until 
urMted br the engine, and tht 
whole of the shell of tbe boiler 
ezeept the front, being prcgected 
through the obina out at the 
■teni of the ship, rending the 
aidea of the Tclael aaonder 
daring it« adTance. 




known for her awiftuMa and effldencj. The object thii boiler aeeki to 
attain ii lightneai, and it ii therefore made lo a* to hold ver; little vater. 
It doca not, howerer, appear to be veil calculated to instain any conaider- 
able preuare, though thii ia an otgect of importance in Teueli intended to 
go bit. The following are aome of the pnndpal dimeniiona i — Iiength 
Fig>. 114, lis. 



fijfi. 110, 111, US, and 113. repreaent a marine boiler with upright 
tnbei, a kind of boiler to which we have already made several alluiiona, 
and which, we are perxoaded, will before long come into eitensive nae. 
Thia boiler, it will be remarked, has the water mitouiF of the tabea, and the 
upper portion of the tubea doea not paw tbrongh the water, bnt only through 
the Gleoin. by which the iteam is tboronghly dried, and any incoovenieace 
from priming counteracted. We bare another apecimen of this boiler to 
gire, and ah^ reserve what we hare to lay abonl the plan nnlil we come 






lit, 115 




n. ZltnUDa. 

iy8"jbreadthia'8"! height 8' 0"; length of ftiniaeea 5'a"; length of 
tobe«a'7"i breadth of fttmacea S'S"; diameter of tnbe« SJi material of 
tnbea brass. Total nnmber of tubes SIS. Diameter of cylinder of 
en^es 39( ; length of stroke 4' 6'. There are two engines on the direct 
action plan. CollectiTO power 78 hones. 

Fig*. 116, 117. 
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If any conriderable presanre of ateam be employed in thia boiler, it will 
be necessary to stay down the b<uler top very finnly, both to (be top* of 
tbe fdrnacea and the bottom of the boiler ; for the force acting against the 
boiler top. and tending to raise it upwards, will be immense, if a high pres- 
sure be adopted. To stay the boiler top to the top* of the fnnaces alone 
would not be sufficient, for the top* of the furnaces might alter their form, 
and the stays wonid then be of very little avail. The stays to the bottom 
of the boiler, however, if carried in the naval way, would have to be 

J^ 118, 119. 
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attached to the bottoms of the water spaces, and there they woold be 
mnch in the way when Che boilers are being cleaned. Indeed it would be 
almost impossible to clean out the water legs effectually with atays ao ntn- 
ated, and the ben method, therefore, appear* to be either to stay tbe btnler 
top to a strong iaverted arch apaiming the water apMet, or to place a loc- 
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FigM. IS0,191.TepTeuntuiolherboil«r*itliaprighttabef (h>Tuigtheiratcr 
ovttide of Ihem), the dcsiga of Meun. Renoie. This boiler U intended to 
■apply ateam to an engine on l&nd, and iu exterior ti therefore compoeed 
of s cylinder of btick-work, bctveeo irhich aod the boiler ibell the imoke 
U made to circnlxte on it> iray to the chimney. Thi> briek cylinder i* 
■onnoanled by ■ cast-iron dome, the edge of ahich fits into a groove con- 
taining sand, and acceaa can mdily be had to the endi of the tube* fay 
rajaing op this dome by the tackli! applied to the eye fixed io ill centre. 
Tbia kind of boiler ia identical in all ita important featnrea nith that repre- 

Fg. 120. 




»BitedinjSpt.lia 11 1,118, and 113, That boiler, hovever, i« inti^ded for 
a iteam Teawl, and U, indeed, the boiler of one of the tag reaaels working 
tqxm the Thamet. Aa ve happen to bare a very high opinion of tbia 
wriety of boiler, we miut consider its meriii in tome detail, and Iberefore 
reftrback our readento^^i. 110, 111, 113, and 113, ai it ia to that ipe- 
eimen our remarlu chiefly apply. 

The diameter of that boiler ia 6 feet ; height, 1 1 feet 6 inehea ; diameter 
effira-boi, 5 feet S inchet ; dialance from top of bars to lower tube plate, 1 
fitot A inche* ; distance from top of bara to ashpit bottom, 1 foot 7 inches ; 
lengthof tubeB,8 feet; diameter of tubea, 2 incheaj distance from centre to 
centre of tnbns, 3 inches -, diameter of tube ptale, 3 feet 1 inches. There 
ii a clear apace of I foot ! inches all round, between the tabei and the 
faoikr sbelL The height to which the water rises along the tabes is S feet, 
kaTing 3 feet of the tubes to trKvi'ine the ateam space. There are 1 i3 
tnbea m all, and, rcekoniag their effective length at 9 twt, the effective 
tahasar&eeia S81'53 feet The fire-box surface is 20-93 feet, niaking a 
Mil of 419-03 aquarg bet tt effective heating anrfitce. The area of Die 



fire-grate is 30->6, and the proportion of fire to heating eurface is I to 20 
iMerly. One of these boilers supplica the engine of the vessel with ateaiD, 
the cylinder of which ia 2B inchea in diameter, and the length of Mioke 3S 
inches, the nnmfaer of strokes per minute, 39 light, 26 to 30 when lowing. 
The conauinption of fiiel is 10 cwt. of coal per four houra, inclnding getting 
np steam. The tubea are of iron, and abow no symplomi of ittjory from 
the application of heal above the water level In some of the boiler* 
eonitmcled on this plan the lower tube plate has cntcked between the 
tabes, and we think the breadth of an inch of iron between the tube* ia 
insufficient in m-M cues. It would be an improvement, we think, to 
■igiag the tubes, whieii would leave more iron between the tnbea, and, at 
the same time, would not prevent the introduction of an inslrumeot to 
scrape them when necesaary, at least diagonally. It would be very expe- 
dient, too, to defend the tube pUle from the heat of the fire by a fire-bnck 
dome perforated opposite to each tube. In tliat case, however, it would be 
asary to give an additional tube aurftce, aa more heat would then paaa 
the tubea than if luch a dome were not employed. It U one drawback 
to the merits of tbia boiler, thai It will be liable we fear Io corrode in- 
ternally more rapidly than common boilen. One of the moat ioflueotial 
cauaea of iateraal corrosion appears to be the eiiatenceof anrcbarged steam 
within the boiler, and in tbia kind of boiler the ateam ii almost neceaaarily 
surcharged to some extent. Tbe surcharging, however, will be less con- 
siderable if there be a targe heating snrface, which may eaally be given. It 
will be necessary in spplymg boilers of this cooatniction to steam vessels tc 
adopt means of blowing out the snpersalted water very effectnally, else tbe 
scale may &11 from the tubes upon the tube plate, and occasion injury- 
One very ob'ioua objection to tbia plan of boiler will preaent ilsetfto <mz 
prsctical readers, which is, that a depoait either of ailt or scale will be 
liable to take place on the top of tbe tube pl^e, which will, in consequence, 
very aoon bum out This evil is to a great extent met by onr snggealion 
to interpoae a fire-bnck dome between the tube plate and the fire ; but we 
have not been able to discover that any aensible Inconvenience has arisen 
from inch depodtures in boilers of this construction, even without the ex- 
pedient we have just described. The agitation ot the water, cansed by tbe 
ascent of tbe ateam up through it, ia a powerfhl antidote to any settlement 
where it is going on, and the particles of matter mingled with the water, 
and out of which acale is febricated, find their way by degrees to the sides 
of the btnler, where the water is tranquil, and there they finally settle. It 
is expedient, however, in boilers of this kind, either to blow off very fre- 
quently, or to have brine pumpa, which change the water in the boiler 
rather faster than uauaL It would be a further improvement to place a 
collecting vessel within each boiler. Instruments of this kind have hitherto 
been very little used in steam vessels, but in land boilers they have long 
been employed with advantage, though in that case the advantage ia of less 
account We shall at a more advanced stage of our progress give some 
specimens of collecting vessels as applicable to marine boilers, bnt may 
here, fbr the sake of making our recommendation intelligible, explain the 
umplest form of collecting vessel as applied to waggon boUen. 

Fy. 133. 




We must first, however, premise that the addition of particles of ex- 
traneous matter to boiling water ftcilitatea the extrication of the steam, 
and, in many cases, lowers Ihe temperature at which ebullition is carried 
on. The generation of steam is most active in tboae aitnatioua where 
tho« particles exist, so that indeed, the steam appears as if it came out 
of them, and the particles are continually buoyed up by the steam in its 
ascent, and prevented ttom settling where the ebullition is active. If a 
vessel with a narrow month be immerged in a boiler under snch circum- 
stances as to preserve the water within it in a tranquil state, the vessel 
will speedily become filled with depositure resembling mortar, which, 
conid it have settled, would have been indurated into scale. Of this cir- 



TO 

comttuics sdTuitage is taken In the couttraction of collecting *eneU, fbr 
if the whole of the water ia a boiler be in a Mate of ebnlliiion except a 
portion conlained in an interoal TeMel, iota that TeM«l the depouture 
will Bad iti way, and from thence it ma; be remored bj blowiag out. 
Fig. \33. repreaents a collecting renel attached to a common waggon 



boiler which will illiutrtite the mewu of applying tb 
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<re«Kli feeding tbemiet tea, which they wonld do mnch more effeetnally, and 
much more cheaply, than can be done by hand. Boiler* on IhU npright 
plan might be ranged acroaa the Tenel thoa, 
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lice, a a repreaenta the binler, which has been cat, and a part remored 
for the pnrpose of ihowing the interior. A ia a boi into which the deno* 
ntnre falli through the neck c, within wliich ia another cylinder, or rather 
(hutrum of a cone, which may be railed or lowu-red to suit the water level 
and other eircnmBtancea. Theie parta are all made of aheet iron, d it 
an agitator for itirring np the dtpoiitnre within the box previoiuly to 
blowiag oat, fbr which ptirpoae a rod paiaei throogh a itnfflng box nn 
the bailer top fOmiihed with a handle, which may be turned round, i re- 
preseots the [upe through which the depMilnre is discharged, ^the blow- 
off cock, and g the bottom of the boiler. It would be eaaj in a boiler 
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with a erneial passage between them, and the athwartahip passage need 
only be of a width enfficient to enable the attendants to light and cltan the 
fires. We cannot here enter into the details of the application, but may 
remark that in those cases in which it may be inconTenlenl to drop the 
coal upon the fire through a slit Ckum the top of the boiler, it will probably 
be found the best way to combine the boilers, so that one reiolviDg grate 
wilt suffice for two sets of tubes, and the coals may then be introduced 

Fig. 136. 




between the tube cylinders, and immediately over the fire. One material 
BdTantag|e of this arrangement is, that there will be no smoke — a virtae 
often dauned for the Cornish plan of boiler, but without any title thereto. 



with itpright tubM to convert one or more of the tube* into collecting 
mouths leading to a sediment vessel underneath. 

The remarks which we have already made respecting this species of 
boiler are sufficient, we conceive, to ihowthat the otjcetions which might 
be brought agwcM it are not of an insuperable character. Ill reoommenda- 
tioas, however, are not of a negaUve kind, and it poasessas two of weight 
enough, we conceive, to entitle it to a preference over most kinds hitherto 
projected. The first is, that if the steam be taken off by a perforated pipe 
there will be but little priming ; and the second, that the construction 
facilitates the inlroduction of the revolving giate described in page 53, and 
which, we anticipate will come into general use fbr steam vessels. There 
is nothing In the revolving grate too complicated for such an application, 
and it would be a matter of great importance to have the furnaces of steam 
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Fig. 128. 




Scale three tenths iochal foot. 
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frrther than what arises from slow combnstioii, and the nse of Welsh coal, 
and both of these points may be attained in any boiler. This, we think, will 
appear clear enough by a reference to the representation of a Cornish 
boiler given in figg. 123, 124, and 125. This boiler produces no smoke, 
but there is no peculieurity of structure to bring about such a result, and the 
whole efficacy arises ftx)m a slow combustion and peculiar coal — advan- 
tages which are not exclusively Cornish. The diameter of this boiler is 
6 feet 6 inches; length 33 feet 6 inches. Length of furnace 6 feet; 
breadth of furnace 3 feet 10 inches. A tube of about 19 inches in dia- 
meter, filled with water, runs through the main flue, which flue is a con- 
tmnation of the furnace. 

Figs, 126. and 127. represent a small tubular boiler constructed by 
Messrs. Horton and Son for a coasting steamer called the Zephyr. This 
boiler has been found to perform well, and is, in every respect, satisfactory. 
The tubes are of iron, 3 inches in diameter, and 6 feet lon^. Length of 
fbmace 6 feet, number of tubes 168. 2 engines. Consumption of co^ per 
boar, about 6 cwt The pressure of steam is about 5 lbs. on the square inch. 
Figt. 128, 129, and 130. represent another boiler, by Messrs. Miller, Ra- 
▼enhill, and Ca, of the tubular kind. It is identical in all its main features 
▼ith the boilers of the Tagus already described, and the same remarks apply 
to it It has been found expedient to introduce a jet of steam into the chun- 
aey of this vessel to quicken the draught The tubes are of brass, 34 inches 
m diameter, and the tube plates are of iron. A galvanic action between 
the brass and the iron has been found to arise in some boilers, which shows 
itielf, not at the ends of the tubes, but at the ends of the athwartship stays 
vhich bind the sides of the boiler together ; and the iron plate around these 
*U^8 very soon acquires the appearance of having been scooped out by a 
We ; but in other boilers no action of this kind has been found to take 
P|*oe, and it has been doubted whether a leakage caused by the inadequate 
ntteoing of the stays has not had something to do with its production ; 
B^ertheless, in several cases of brass tubed boilers which have come under- 
<iv observation, the action has been very remarkable in the situation we 
atre mentioned. The evil would probably be obviated by the application 
of a washer of ainc The experience which has been obtained with tubular 
«o^en since the first publication of the present work, certainly shows that 
"MB tubes are on the whole the most eligible. Iron tubes are speedily 
ottea mto holes by corrosion, and it is remarkable that the corrosion chiefly 
^^ place npon the under side. Brass tubes, on the contrary, are found to 



Fig, 129. 
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last many years. It appears to be the best plan to refirain flrom attempts 
at scaling brass tubes, but they may be withdrawn once a year, cleaned and 
re-inserted. 

Figs. 131, 132, and 133. represent the boilers of the steam vessel Ocean. 
The tubes of these boilers are of iron 3\ inches in diameter and 9 feet long ; 
ftimaces 7 feet long and 2' 1" wide. There are three boilers in all : £e 
centre one with three furnaces, and the two wing ones with two furnaces 
each. Total breadth of boilers 19| feet ; total lengUi 14 feet ; total number 
of tubes 378 ; two engines— diameter of cylinder 56 inches ; length of stroke 
5| feet ; pressure of steam about 4| lbs ; consumption of coal about 18 
cwt per hour. In ordinary coasting vessels we do not approve of the 
plan of firing from each end, as the length in the vessel occupied by an 
additional £ing space is a manifest waste of room ; and there will be 
no difficulty in short voyages, about maintaining the trim of the ship 
on account of the stowage of so evanescent a cargo as coal in the wake of 
the furnaces. The object should, we conceive, be to obtain the reouisite 
number of fiimaces in die breadth of the ship, and then to add a sumcient 
number of tubes above the fiimaces to extract the heat given out in 
them. In cases where this cannot be altogether, and yet can be nearly 
done it is a less evil, we conceive, to put a few furnaces in a second tier 
into the midship boiler, rather than change the whole plan of the boiler 
by firing fh>m both ends. In most cases we believe it will be possible to 
get sufficient room for the fhmaces in the breadth of the ship if the engines 
be wrought expannvely ; and this may be done, without affecting the 
power, either by applying high pressure steam to the existing size of cylin- 
ders, or by introducmg larger cylinders, and retaining the steam at a mode- 
rate pressure — that is, under 10 lbs. The latter plan in the case of new 
vessels is, in our judgment, greatly the preferable one ; and we should 
recommend all new steam vessels to be made with the cylinders very larg^ 
while the boilers remain of the same dimensions as at present, except in 
the case of vessels impelled by the screw, where the engines may be worked 
at a very high speed — an increase in the speed being equivalent to an 
enlargement of the cylinder. A great force is thus available for the pro- 
pulsion of the vessel when necessary, whether from adverse circumstances 
of wind and water, or otherwise, merely by diminishing the degree of 
expansion ; while, in fiur winds and smooth water, it becomes necessary to 
work with a very high measure of expansion to keep the engines supplied 
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with •tiun, that Mcaring ■ modenle tnd unitbrm eoDBamption. To iii«k« 
the raginei light, while the power is kept uadinuiiiihed, they mutt be 
worlced with a fktl piil<M) ; ud to make the boilen light, with naiinpiired 
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forced in the nuimer of locomotiTe boUen. It ii doabtM wbetber 
the tnbe* of tDbulir boilen intended for tour prewim enginei sie not still 
made longer thin ii expedient 
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pMj. Thew boilen ue wall ironh; of the MUntioii of Ue engineer, u 
Uk«y hare ^iprvred themtdTe* toote <«oiu»Dio*l Chsa any of the other 
boilen emptojed in tfaoee Tesiele, at the nine time that there a m ibun- 
dinee of HeuniUtd the ^tcd of ths Tend ia well maintained. Thefollow- 
ing are toms of the mote important particolan : — There are fbnr boilen, 
wUh three fanucei in each, making IS fiuiiacea in all Length of each 
boiler, la's"; bt«adth, 9' lO"; beighl, 11' 11". There is a fore and aft 
paisage between (he boilen, 2 feet vide, and an athwart pauage IS inches 
wide. Length of fdmace, 7' *" ; breadib of fumaee, 31| ioeheii diameter 
of chimoe;, 67 inchei ; height of flne«, 5 feet. 




Plgt. 140, 141, U3, 143, 144, and 149, repreunt two Kta of boilen eon- 
urnMed by Henn. Biuy, Coitii, and Kennedy, for the two iteam veueli 
Wladimir and Der Pnuucke Adler, the one belonging to the Koaiian and 
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tho oiher to the Prnsiun government, «nil both of the power of 320 horaet 
These eiamplea Kt of much iaterert, ninrt from all ciHiiidentioa of Uw 
general succeM of the constractors, the boilers for the RnwUn Tewel being 
of the tnbolmr variety, while those for the Prouiui vessel are on the oom- 
mon floo plan ; and ve shall thus have « bir comparison of the merits of the 
two vaiietiM. The shape and dimeouons of the tubolar boiler are ibo«n 
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Id thi flgnres b; mewu of dotted lines ; and a just conception ma; thai be 
arrived at of the amount of space occupied by a tnbnlar ind a flae boiler 
of the same efficacy in raising steam. The tabular boiler, of which the 
oudme is bere given, is almost identical with the boiler of the Braganza 
neamer, already given, and it is therefore needless bere to repeat the 
deliaeaUon. 
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Figt. 116, 147, 148, 149, ISO, 151, 153, Bud 
ISS, rtpreuDl the boilers of th« RettibolloD, 
■ nesmer of BOO horae power ; the crginet 
(King on the doable cylinder pUn of Ham, 
Mudilay. There ii nothing Tery peculiar in 
these boilen except their sue ; in other re- 
■pecli the; Tery much resemble the boilen of 
the GreU Western, and of the Thames and 
Hedwaj, alto by Messrs. Maadslav sod Field, 
of which we bate already giTco delineatioBI. 
Figt. 154, 1S5, 1S6, 157, 158, 1S9, and 160, 
are difiereot Tiews of a sediment eollecloi, as 
made by Mr. Amitrong of Manchester tor 
marine boUen. The maimer in which thil 
contriTOuee acts has already been explained, 
and all thai we have here to do is to give 
aoch fonDsof the machine ashaiebeenfonnd 
the moat convenient in practice. The sedi- 
ment Tessels are generally made of thin sheet 
iron, and an agitator irith a handle extending 
through a ilufflng-box to the outside of the 
boiler, is nsnally added to focilitale the blow- 
ing out of the'silt and other foreign matter* 
caught by the eolleclors. Of Lamh'a scale 
pTETCDter for marine boilers, an account will 
be fbnnd at page 1 79. In the maaufiu:turing 
districts the maio purpose for which collecting 
Tcssels is employed, is the prerenllDn of 
priming. 

Priming arisea from innfficient steam 
room, an inadequate area of water lerel, or 
the ose of dirty water in the boiler; the last 
of these instigations may he remedied by the 
use of collecting Tcssels, but the other defect* 
are only to be corrected either by a suitable 
enlargement of the boiler, or by increasing 
the pressure and working more eipanaiTely. 
Closing the throttle-TalTcs of an engine par- 
tially will generally dimioisb the amonnt of 
priming, and opening the safety -i aire suddenly 
will generally set it astir. A steam vessel 
coming from salt into fresh water is much 
more liable to prime than if she had remained 
in salt water, or neTer ventured out of fresh. 
This i« to be accounted for by the higher heat 
■t which salt water boils, so that casting fresh 
water among it is in some measure like casting 
water among molten metal, and the priming 
it in this case the effect of the rspid piodDC- 
tion of steam. One of the best palliatiTel of 
priming appears to be the interposition of a 
performed plate between the steam space and 
the water. The water appears to be broken 
Dp by dashing against a plate of this descrip- 
tion, and the steam is liberated from its em- 
brace. In casrs in which an addition is made 
to a boiler or steam chest, it will be the best 
way not to cut out a large hole in the boiler 
■hell for establishing a communication with 
the new chamber, but to bore a number 
of small holes ftir this purpose, so aa to form 
akind of liere, throoghwbicharuih of water 
cannot ascend. In locotmitiTes the same end 
is attained by the use of a perforated steam 
pipe extending f^om end to end of the boiler. 
Such ■ contrivance draws the steam off equally 
from the surface, instead of taking it from any 
one part; and boilers provided with it are 
enabled to work with so small a steam space 
thai the steam domes are now being lakeo 
away from locomotives altogether. This ex- 
pedient has not yet been adopted in steam 
vessel*, though it appean to be applicable to 
them also with advautage. In some boilers 
priming appears to be mainly caused by a 
malformation which prevents the water from 
circulsling freely, and the steam has therefore 
to pass up through the water, occasioning a 
great agiialjon, instead of the water being 
enabled to circulate with the ascending sieam. 
The evil may be mitigated in such cases by 
the addition of pipes to the exterior of the 
boiler, which will permit a descending cur- 
rent to be established, to replace the water 
carried upward by the steam. 



Vatietia of Boilers. 



[=11 [=] CZ^ 



ODD 





\ 












\ 




. 


D 






] 


Q 




v,^ J 


V y 


^ 


5^ 



Soil* qniiner Iik)i—i U 







-.-.-.xj:- 



Fnm VIn of BoUari. 



Vanetiet o/BoUers, 
Fig. IBS 




Varietiet ofBoihrt. 
Fig.iea. 




We eannot afford to nurender idt more apace to theie ipecimeiui or 
boUera, *nd miuc aoir proceed (o detpatcb what ire have <tiU (o uj on Che 
■abject of boilen in at fer irorda aa pouible. We hare already itated 
that a cubic foot of vater raised into iteam ii reckoned eqiiivaleat to a 
hone power, and that to generate the ateam vith suffident rapidity, an 
allowaDce of ooe aqnare foot of fire ban, and one aqnore yard of effective 
heating sarface, are very commonljr made in practice, at leaat in land 
engine*. Tbete proportions, however, greatly vary in different casea ; and 
in aomeof the ben marine engine boilera, where the area of fire-grate i* 
reatricted by the breadth of the vessel, and the impossibility of firing long 
fomacea effectually at sea, half a square foot of fire-grate per horse power 
is a very cominon proportion. Ten cabic feet of vater in the boiler per 
horse power, and ten cubic fiel of ateam room per horse power, have been 
auigned aa the average proportion of these elements ; bnt the ftsX is, no 
generul rule can be formed upon the anbj^ti for the proportions which 
would be snilsble for a wa^on boiler would be inapplicable to a tubular 
boiler, whether marine or locomotive; and good eiamplea will in auch 
caeea be found a safer guide than rules which must often give s false 
resoll. A capacity of three cubic feet per horse power is a common 
enoogh proportion of fumace-room, and it ia a good plan to make (he ftir- 
nacea of a eonaidenble width, as they can then be fired more effectnallv, 
and do not prodoce so much amoke as if they are made narrow. As 
regards the question of draft, there is a great difference of opinion among 
enpneera upon the aubject, some preferring a very alow draft and othen 
a rapid one. It ia obvioua that the quealion of draft is virtually that of the 
area of fire-grate, or of the quantity of fuel consumed upon a given area of 
gnite surface, and the weight of fuel burned on a foot of fire-grate per boor 
varies in different cases in practice troai 3^ to 80 lbs. Upon the quickness 
of the draft again hinges tbe question of the proper thickness of the stratum 
of incandescent fuel upon the grate ; for if the draft be very strong, and the 
fire at the same time be thin, a great deal of nncombioed oxygen will 
escape up through the fire, and a needless refHgeration of- the contenta of 
the Hues will be thereby occasioned i whereas, if the fire be thick, and the 
draft be sluggish, much of the oseful effect of the coal will be lost by the 
formation irf carbonic oxide. The length of the circuit made by the amoke 



varies in almoat ever^ bculer, and the same ma; be said of the area of the 
floe in its cross section, tht«agih vhich the amoke has to paaa. Aa an 
average, about one-fifth of the area of fire-grate lor the area of the One 
behind ' the bridge, diminished to half that amoiml for the area of the 
chimney, has been given as a good proportion, bnt the examples which ve 
have given, and the average flue area of the boilen which we shall deacribe, 
may be taken as a safer guide than any such loose statements. When the 
fine is too long, or its sectional are* ia inanfficient, the draft becomes inauf- 
ficient tofnrnlsh the requisite quantity of ateam ; whereas if the fine be too 
abort or too large in its area, a large quantity of the heat escapes ap the 
chimney, and a deposition of soot in the flues also lakes place. This last 
&nlt ia one of matenal conseqaence in the case of tubular boilera consoming 
birnminous coal, though mdeed the evil might be remedied by blocking 
some ofthe tubes up. The area of water-level we have already stated, p. 4S.. 
as being uanally aboat 5 feet per hone power in land boilera. In many 
cases, however, it is much less ; hut it ia alwaya desirable to make the area 
of the water-level as large as possible, as when it ia contracted not only is 
Iht water-level subject to sadden and dangerous fiuctuations, but water is 
almon sure to be carried into the cylinder with the steam, in consequence 
of the violent agitation of the water, cauaed by the ascent of a lar^e volume 
of steam through a email snperfictes. It would be an improvement m boilers, 
we think, to place over each fiimace an inverted veaael immerged in (be 
water, which might catch the steam in its ascent, and deliver it quietly by 
a pipe rising above the water-level. The water-level would thus be pre- 
served fWim any inconvenient agitation, and the weight of water within the 
boiler woold be diminished at the swne time that the original depth of 
water over the fbmaces was preserved. It would also be an improvement 
to make the udea of the fiimaces of marine boilen aloping, instead of ver- 
tical, aa ia the common practice, for the steam coold then ascend fVeely at 
the instant of ill formation instead of being entangled among the rivets and 
landings of the plates, and auperinducinE *n overheating it the piatea by 
preventing a free accesa of the water to the metal. 

In the Tranaactiona of the InstiCation of Civil Engineen sevetal papen 
are given by Mr, Parkes and othen descriptive of experiments made by 
them on steam boilera. 'We have, in Table I., collected af^ of the principal 
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raraln cihituUd in Vb. Pwkn' Tcry Tolnmiiioni tablet, md -ve have added 
the two colamna on the right hand Bide of the table to ahov at ihe oune 
time the eTaporative economj' of the boiler* in use at the East London 
Water Works. One of these boilers is on the Cornish plan, and attached 



The Comlih boilers are cylindrical, with an internal fine ; and, as 
generally used with steam of from 1 S lbs. to 35 lbs. aboTe the atmoafikere, 
thej are made of plates half an inch (hick. The left hand column in the 
table gives the mean reinlta of experimenta made on the boilera at the Hnel 
Towan and United Mines in Cornwall, The second colnnm from the left 
il devoted to Mr. Parkes' experiments at Warwick { and, according to him, 
abonl one sixth of the evapoTatioa there given it due to his amoke-con- 
soming apparatus. The third colmnn eihibits the mean of eight experi- 
ments on waggon boilers, at the different places indicated at the head of 
the colomn, which were all (except the Albion Mills experimenta} con- 
dacted by Mr. Parkes. The tbnrth column &om the left contains the remits 
of Mr. Smeaton's experiments on bis atmospheric engine at Long Benton ; 
and the fifth colnmn gives the mean of eleven experiments on locomotives 
by JMr. Pambonr. Referring (o the uith line, it will be seen that the 
mean evaporative economy of the Cornish boilers is abonl the same as that 
of the Warwick boilers; but, if we exclude the East London Water Works 
boiler, the other Cornish boilers will show a decided superiority over all 
the rest. Liuea five and eight show two of the principal peculianliea in the 
proportiona of the Cornish boiler*. It will be observed that the extent of 
their mt&ce exposed to the beat, for each cubic toot of water evaporated, 
il about seven timea as great as in any of the others. The combustion in 
their furnaces also is carried on at a very slow rate, there being only aboat 
3^ lbs. of coals burned on each square fool of grate. The only boiler that 
nukes aiw approach to them in Rawness of combustion i> the one at War- 
wicL Mr. Parkes is a great advocate for slow combustion i and he fbnnds 
his opinions principally on its effect in the Warwick boilers — at least it it 
ftom his experiments on them that he derives his opinion that the principle 
ihonld be carried so far as it was in that case. We conceive that in this 
instance he has overlooked one very material drcumstance. It will be 
observed in the table, that the healed aorftce bears very nearly the same 
proportion to the water evaporated in these boiler* as in the other waggon 
boilers ; but, before Mr. Parkes altered his furnaces, much more water was 
eraporated p«r boiler, and, consequently, the heating surftce must then have 
been very small in proportion to the evaporation. We are, therefore, 
rather inclined to attribute the increased duly of the fuel to the increase of 
Ihe heating surface of the boiler Ibaa to the diminutioa of the rate of com- 
bustion. NeTertheless, iraia other eiperimects of Mr, Parkes, we are du- 
posed to think thai, for economy of fuel, the combustion in the generality 
of waggon boiler furnaces is rather too rapid. The very large proportioo 
that the heating surface in the Comiah boUers bears to the weight <tf water 
evaporated is, no donbt, to a considerable extent, rendered necessary by the 
thickness of the plates which the heal has to penetrale, and the high tem- 
perature of the water within tbem — both circumstances thai retard the 
transmission of the heat. The Cornish practice, too, is universally, ao &r 
u we have been able lo ascertain, in fcvonr of tlus great extent of surftee [ 
^et we on hardly think that a small diminnlion of it would produce any 
iDJorious effect on the economical properties of the boiler, while it would 
•ave a considerable part of the original cost. 

It will be seen, from what we have already advanced, that hut a small 
part of the anperior duty of the Comisb eugines can be derived from the 
boilers ; ve muat thereFore look to the engines fbr the principal sources of 
their sopertority, which may be comprised under these three heads : — 

1(L The ate of high-pressure steam cut off when a very small part of the 
Aoke hat been perfoniwd, and working eipnnsirely over the remainder. 



2nd. The careftd clothing of every part of the engine where heat can 
eacape. The cylinder is nsurily encased vrith a rteam-jackel ; and th« 
steam-jacket itself and aU the slcam-pipes, top of the boiler, ftc, are pre- 
tecled from the cold air by being covered with a layer of three or IW 

unonnt of raving effected in thia way may be conceived to be very con- 

of Ihe saviDg by clothing the whole engine ; but Mr. Wicksteed found that 
clothing the top of the boilers ofew produced a saving of 101 per cent, u 
the fnel eonsumed- 

3rd. The third main source of the great dnty of the Cornish engines it 
to be found in the excellent nystem of registering and publishing &e duty 
of each engme, which has fbr many years been prevalent in ComwalL It 
hat made both the propHeton and engineers much more eareftil than ther 
otherwise would have been of a host of deKuIs that have elsewhere bc«^ 

aggregate, are of no smaU importance. 
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The grand secret, however, of Ihe economy of the Comi^ engines liet 
in the large application of the principle of expansion, and the resnltt there 
obtuned are very little aided by any peculiar excellence in the txHler. 
Upon the merits of expansion, however, or the pitch to which it nujr be 
beneGcially carried m farticnlar cases, this is not the place to enlarge, hot 
we may here give a table fi-om the Artizan, which shows the relativs 
efficacy of different engines with different degrees of expannon. 

The first cotiunn on the left exhibits the perform 
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IKameter of cylinder in inches - . - - 

Lraigth of Etiijke in feet . - - . . 

Nnmber of strokes per minute - - - - 

FitttUN on the piston, above or below the atmosphere in 1 

Iba,, per square inch - - - - J 

Weight in Iba. raisedonefoot by 11! lbs. ofcoalt - 

Do. do. by one pound of water, as steam 

Effective power of the engine at time of experiment in') 

hotw power - - ■ ." . " / 

Efficiency of the steam, its efficiency in the Albion Mills 1 

Eflckncy <j^the (hel,iu efficieiiey in the Altnon Millsl 
being unity ----- -J 

Dtttanee of the piston trom the end of its stroke when the \ 
steam is cut off w part* of the length of stroke - J 
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■pherio engine *t Long; Benton. In the lecoDd coIuidd will be fbnnd similar 
putieuUn at Bonllon tnd Witt'i Mndensing rotalire engine u. the Albion 
MUb. In the third colnmn ve have put down the ume data for Ihe Holm- 
buh Comiih engine ; and, in the fourth, for a high-presmre non-condeniing 
aigine,irho«edDt;ira« determined by Mr. Wicksteed. The leMtwocolnnutf 
•npplj the ume i^ta for a Cornish engine and Bouiton and Wut pnmping- 
engine, at the East London Water Worki. TheecoDomicaleffectaofeipan- 
■ion will be foond to be Ter; clearlj exhibited in thia table. The dutiet 
are recorded in the fifth line fe)m ihe top, and the degree of expanuon in 
the bottom line. It will be obaerred, thar the order in which the different 
enginei Mand in reipect of iBperioritj' of duty ii the same aa in reapect of 
amoant of eipanuon. The Holmbiub engiae hie a dnty of 140,184,848 lb«. 
railed 1 foot by 1 cwL of coaU, and the ateam acta eipanwTelj over 
'830 of the whole ilroke ; while the water-worki' Comiah engine hai only 
a dnty of 105,664,118 Ibo., and expand! Ihe iteam over onlj '687 of the 
whole etrolce. A^gain, comparing the two Boolton and Watt enginea 
together, the Albion MiUi engine hai a daty of 35,756,753 lbs., and no 
expaniive action. The water-works' Bonltoo and Watt engine, again, acta 
ezpanaivelj over one-half of its atroke, and has an increased doty of 
4,660,333 lbs. Other caosea, of course, may iofiuence these comparisons, 
especially the last, where one engine is a double-acting rotative engine, 
and the other a sia^le-acting pamping one ; bat theie can be no doubt that 
the expansive action in the latter is the prvKipd cause of its more 
economical performance. 

The heating snr&ce per hone power allowed b]- Bnolton end Watt ii abont 
9 sqnore feel in wamon boilers, reckoning the total sur&ce as effective surface, 
if die boilers be of a conuderable size ; but in the case of small boilers, the 
pToportion is larger. The total heating snrfkce of a two hone power waggon 
trailer is, accordmg to Bouiton and Walt's proportions, 30 sqnare feet, or 
15ft. per horse power; whereas, in Ihe case of a 45 horse power boiler 
the total heating sur&ce is 438 iqnare feet, or 9'Gft. per horae power. The 
capacity of steam room is 8] cabic feet per horse power, in the two horse 
power boiler, and 5) cubic feet in the 30 horse power boiler ; and in the 
larger class of boilers, such as those soilable for 30 and 45 hone power 
engines, the capadtj of the steam room does not fall below this amonnt, 
and indeed is nearer 6 than 5) cubic fbeC per hone power. The content of 
water is 1 B) cubic 1^ per horse power in the two horse power boiler, and 
15 cubic feet per hone power in the SO horse power boiler. In marine 
boilers abont the same proportions obtain in most particulars. The original 
boiler* of Ibe " Great Western " steamer, by Messrs. MaudsUv, figur^ in 
page 62, were proportioned with about half ■ iquare fool of fire grate per 
horse power, and 10 square feet of flue and fiirnsce sorface, reckoning the 
total amount as effective ; but in the boilers of the " Retribution," by the 
nme makers, shown in page 76, a somewhat smaller proportion of heating 
surface was adopted. Bouiton and Watt have found that in their marine 
flue boilers 9 square feet of flue and furnace surface are requisite to boil off a 
cubic foot of water per hour, which ii the proportion that obtains in their 
land boilers ; but inasmuch as in modem engines the nominal considerably 
exceeds the actual power, they allow 1 1 square feet of healing soifsce per 
nominal hone power in their marine boilers, and they reckon as effective 
heating surbce, the tops of the flues, and the whole of the sides of the flues, 
but not the bottoms. They bave been in the habit of allowing for the 
caEocily of the steam apace in marine boilers 16 limes the content of the 
cylinder ; bat as there are two cylinden this is equivalenl to 8 times the 
content of both cylinders, which is the proportion commonly followed Ilk 
land engines, and which agrees very nearly with the proportion of between 
9 and 6 cubic feet of steam room per horse power. Taking, for example, 
an engine with S3 inches diameter of cylinder and 4 feel stroke, which will 
be 18 '4 horse power — the area of the cylinder wilt be 4IS'476 sqnare 
inches, which multiplied by 48, the number of inches in the stroke, will 
give 19912 848 fbr the capacity of the cylinder in cubic incbe* i 8 time* 
this is 159542-784 cubic inches, or 923 cubic feet; 92-3 divided by 18-4 
is rather more than 5 cubic feet per horse power. There i* less necessity, 
however, that the steam space should be large when the flow of steam from 
the boiler ia very uniform, as it will be where there are two engines 
attached to the boiler at right angles with one another, or where the engines 
work at a great speed, as in the cose of locomotive engines. A high steam 
chest too, by rendering boiling over into the steam pipes, or priming as it 
is called, more difficult, obviates the necesaity ftr so large a steam apace ; 
and the use of steam of a high pressure, worked expansivelj, has Ihe same 
opeiatiOD ; BO that in modem marine boilers, of the tabular conslmctjon, 
where the whole of these modifying circumstances exist, there is no 
necessity for so large a proportion of steam room as 5 or 6 cubic feet per 
horse power, and about half that amount more nearly represent* the general 
practice. Bouiton and Walt allow 0-64 of a square tool per nomind horse 
power of grele bars in their marine boilers, and a good effect arises from 
this proportion i but sometimes so large an area of fire grate cannot be 
conveniently got, and the propoition of half a square fool per horse power 
seems to answer very well in engines working with some expansion, and is 
now very widely adopted. With this allowance, there will be about 22 
square feet of beating surface per square foot of fire grate, and if the con- 
Buraption of fuel be taken at 6 lbs. per nominal horse power per hour there 
will be 12 lbs. of coal conaumed per hour on eachsquarefool of grWe. The 
fines of all flue boiiera diminish in Iheir calorimeter aa they approach the 
chimar)' : some very satisfactory boilers have been made by allowing a 



proportion of 0*6 of a aqnare fbot of Sre grate per Domioal horse power, and 
muring the sectional area of the flue at the largest part flh of the area of 
fire grate, and the amalleal pan where it enters the chimney ^th of the 
area of the fire grate ; but in aome of the boilers proportioned on Ibis 
plan the maximum sectional area is only ^-j or ,'.,. according to (be purposes 
of the boiler. Iliese proportions are retained whether Ihe boUer is flue or 
tubulsr, and fWim 14 lo 16 square feet of tube surfiice is allowed per nominal 
horse power ; but such boilers, although they may give abundance of 
steam, ore generaUy, perhaps needlessly, bulky. 

We must now, however, dimiss these ^>ecul*iiona, and with them the 
whole labjeet of the efficacy of different kinds of boilers, upon which we 
have already expatiated sufficiently i we shall therefbre conclude our re- 
marks npon the sutgecl by introdacing a table of the eompamive evapora- 
tive power of different kinds of coal, which we have derived ftom Mr. 
Wicksteed's experiments, and which will prove usefnl, by affording data 
for the comparison of experiment* npon different boilers when different 
kinds of cmI are used. Withont this means of reduction, experiments 
would be useless tbr comparison, nnless the fuel employed was in every case of 
equal evaporatire power ; but when the relation between the evaporative 
power of different kinds of coals is ascertained, the results of experiments 
can be easily redaced so as to render them comparable with one another. 

TahUoftU Comparativt EoaporaticePaiBtTOfdifftrattkaidtofCoal 



DsKTlptlon ot Coila. 



The best Welsh . . . . 

Anthracite - . - . . 
The best small Newcastle - 
Average small Newcastle . . . 
Average Welsh , . . - 
Coke fWim Gas-works 
Coke and Newcastle, small, 1 and ) - 
Welsh and Newcastle, mixed 1 and { - 
Derbyshire and small Newcastle, \li\ 
Average large Newcastle - - . 

Derbyshire 

BIythe Mmu, Northumberland ■ 



Value per 



7-908 


14 11 


7-897 


14 10] 


7-865 




7-710 




7-658 


14 5{ 



»l 



Strength ofbdUri. The extension of the eipinaive method of employing 
steam to boilen of every denomination, and the gradual introduction in 
connection therewith of a higher pressure than formerly, makes the ques- 
tion of the strength of boilers one of great and increasing imporlance. 
This topic was very successfully elucidated a few years ago by a committee 
of the Franklin Inatitute. and we shall here recapitulate a few of the more 
important of ihe conclusions al which they arrived. Iron boiler plate was 
found to increase in tenacity as its temperature waa raised until it reached 
a temperature of 550° above the freeiing point, at which point ila tenaciry 
began to diminish. The following table eihibil* the cohesive strength al 
different temperatures. 



The difference in strength between strips of irtm cut in Ihe direction of 
Ihe fibre, and strips cut across Ihe grain, waa found to be abont G per cenu 
in &voar of the former. Repealed piling and welding waa found to in- 
crease the tenacity and closeness of the iron, but welding togelher different 
kinds of iron was found to give an unfavourable result; rivetling plates 
was fbnnd to occasion a diminution in their strength, to the extent of about 
one-third. The accidental overheating of a boiler was found to reduce 
its strength from 65,000 lbs. to 45,000 lbs. per square inch. Taking intoae- 
coont all these contingenciea, it appears expedient to limit the tensile force 
upon boilen in actual nse to about 3000 lbs. per square inch of iron. 

Copper follows a different law, and appears to diminish in strength by 
every addition of heat, reckoning from the freeiing point. The square of 
the diminution of strength eeems to keep pace wiui the cube of the tem- 
perature, as appean by Ihe fbllowing table ; — 

ToWe Aoaing tht Diminulion of StragUi o/CoppeR Boiler PlaUt Jy addition 
lolhe Teapa-alure.Uu CoUii™ af """ "" -" " ' ' 



32" being 32,800 lU. per Square Inch. 









0-0175 
0-0540 

0-0926 
0-1513 
0-2 04 6 
0-2133 






Varieties of Boilers, 
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^ In the case of iron, the following are the results when tabulated after a 
similar fashion. 

Tiible of Exptrimentg on Iron BoUer-Plate at High TempercUures ; the 
Mean Maximum Tenacity being at 550^ = 65,000 lbs, per Squcure Inch, 



Temperature 


Diminution of 


Temperaturo 


Diminution of 


observed. 


Tenacity obcerred. 


obterred. 


Tenacity obsenred. 


550<> 


0-0000 


824<> 


0-2010 


570 


0*0869 


932 


0-3324 


596 


0-0899 


947 


0-3593 


600 


0-0964 


1030 


0-4478 


630 


0-1047 


nil 


0-5514 


562 


0-1155 


1155 


0-6000 


722 


0*1436 


1159 


0-6011 


732 


0-1491 


1187 


0-6352 


734 


0-1535 


1237 


0*6622 


766 


0*1589 


1245 


0*6715 


770 


0-1627 


1317 


0-7001 



The application of stays to marine boilers, especially in those parts of the 
water spaces which lie in the wake of the fiumace bars, has given engineers 
much trouble ; the ] plate, of which ordinary boilers are composed, is hardly 
thick enough to retain a stay with security by merely tapping the plate, 
whereas, if the stay be rivetted, the head of the rivet will in all probability 
be soon burnt away. The best practice appears to be to run the stays used 
for the water spaces in this situation, in a line somewhat beneath the level 
of the bars, so that they may be shielded as much as possible from the fire, 
while those which are required above the level of the bars should be kept 
as nearly as possible towards the crown of the furnace, so as to be removed 
from the immediate contact of the fire. Screw bolts with a fine thread 
tapped into the plate, and with a thin head upon the one side, and a thin 
nut made of a piece of boiler plate on the other, appear to be the best 
description of stay that has yet been contrived. The stays between the 
tides of the boiler shell, or the bottom of the boiler and the top, present 
little difficulty in their application, and the chief thing that is to be attended 
to is to take care that Uiere be plenty of them ; but we may here remark 
that we think it an indispensable thing, when there is any high pressure 
of steam to be employed, that the furnace crown be stayed to the top of the 
boiler. This it will be observed is done in the boilers of the Tagus and 
Infernal, constructed by Messrs. Miller, RavenhUl, and Co., and figured at 
pages 66. 71. and 72 ; and we know of no better specimen of staying than 
is afforded by those boilers. 

ExpioBioHs, — This subject has been investigated with much care by the 
committee of the Franklin Institute, whose experiments on the strength of 
boilers we have already mentioned with commendation. We are unable, 
however, to follow these experimentalists in their researches, and have only 
room to remark that we believe most explosions will be found to have 
arisen either from an undue pressure of the steam, or from the overheat- 
ing of the plates composing the boiler. The plates of the boiler may 
become overheated either in consequence of a want of water in the boiler, 
or from such a configuration of the internal parts of the boiler that the 
steam when formed cannot escape freely to the surface. The bottoms of 
large flues upon which the flame beats down are very liable to injury from 
this cause; and the iron in such a case will probably be softened by the 
heat, and in all probability will collapse upwards. Lightning, the sudden 
disengagement of large^rtions of scale, and other similar accidents have, 
we believe, caused explosions sometimes. But these causes are of very 
anfrequent occurrence in comparison with those that we have indicated, 
and which would be oftener recognised as the real causes of explosions, 
were it not that people think they show their cleverness best by clearing 
ip a difficulty with a new hypothesis that has been coined for the purpose 
in fiiDcy's mint 

The plugs of fusible metal sometimes introduced into boilers to obviate 
explosions by melting out before the steam can reach any high temperature, 
are found in practice to be of but little avaiL The compound metal is not 
homogeneous, and the more fusible of the metals is melted first, and is 
forced by the pressure of the steam out of the interstices of the less fusible 
metal, leaving its place to be supplied by the debris which all water sup- 
plies. The consequence is that the plug ceases to be fiisible metal of the 
kind originally introduced, and cannot be melted by the steam even at a 
pressure and temperature much above that fixed as the requisite fusing 
point Plugs of fusible metal should, therefore, we think, be discarded, 
as they are only calculated to mislead by pretending to do what they cannot 
accomplish. In tubular boilers, however, it is, we think, a good plan to 
introduce lead plugs in the tops of the fire-boxes — not with the idea that 
they will be melted by the steam where its pressure gets high, but to be 
melted out, and give notice of danger should the water fall too low. 

Every boiler should be frimished with a steam gauge, which may give 
indication of danger should the pressure bocome too great, and the passages 
leading to the safety-valves should have no connection with the pipes lead- 
^ to the stop-valves. In some cases stop-valves have been lifted from 
^^ir seats, and forced into the mouth of the pipe, so that no steam could 
^"^^pe thereby ; and in consequence of the Ktfety-valve pipe springing 






from the pipe connecting the boilers, the boiler thus blocked up was in 
great danger of bursting, and would have burst if the fires had not been 
immediately drawn. In the case of any derangement of the safety-valve, 
or of the cone in the waste steam -pipe of a steam- vessel getting loose, and 
blocking up the mouth of the pipe, the pressure in the boiler may be eased 
by opening the blow-through valves of the engines, and the steam gauge 
will in all cases tell whether any undue pressure exists. 

Incnutation. — The incrustation of boilers by saline deposits was a much 
more important subject at one time than it is now, as nothing has been 
more clearly established, of late yeail, than that boilers may be preserved 
effectually from any injurious incrustation by abundant blowing off. Brine 
pumps are now in extensive use for withdrawing a certain quantity of 
water at every stroke of the engine ; and the water so withdrawn has to 
pass through or among pipes carrying the feed-water to the boiler, so that 
some interchange of heat is there effected. These refrigerators, however, 
as they are grotesquely called, are in some respects bad things : the quan- 
tity of heat they save is, we believe, inappreciable ; and the small pipes of 
which they are built up are liable to get choked, thereby endangering the 
boiler by the unconscious concentration of its contents. To guard against 
this danger, every engine fitted with brine pumps should be provided with 
a hydrometer for telling the specific gravity of the water in the boiler, so 
that the engineer may not be cheated by the defective action of the pumps, 
or suppose that they are operating when they are really inert In the case 
of blowing out a boiler in the usual way, the engineer looks at his glass 
gauge tube, and keeps the blow-off cock open until the water-level has 
descended through the required distance, so that, under these circum- 
stances, no doubt can arise that the boiler has been emptied of a certain 
(quantity of water ; but there is no such assurance in the case of the con- 
tmuous extraction of the water, either by brine pumps or by a continuous 
blow off; and all boilers using either of these expedients should be fitted 
with hydrometer gauges as a precaution against the contents of the boiler 
being suffered to reach an injurious concentration. Numerous prescrip- 
tions have at various times been given as antidotes to incrustation ; such as 
putting potatoes and other vegetable matters in the boiler, or, in the case of 
a steam vessel, taking the feed-water from the bilge. The application of 
oil to the flues has also been recommended ; and some boilers are fitted 
with a contrivance to inject oil into them just before the steam is let down. 
We look upon all such expedients, however, as needless, and are confident 
that boilers require no other preservation frt)m incrustation than eflectual 
blowing ofll Collecting vessels, however, are advantageous, as they enable 
a less amount of blowing off to suffice ; and, in the case of the feed supplied 
to the boiler being muddy water, they conduce to convenience and save friel 
by obviating priming. The prevailing feult among engineers, however, is 
that they do not blow off enough, the idea probably being that a consider- 
able check is given to the generation of the steam by the introduction of 
colder water in lieu of the water abstracted ; but the waste of heat by effec- 
tual blowing off is very inconsiderable — much less, indeed, than is occa- 
sioned by the difficulty of getting steam from brine, or of transmitting beat 
to the water through flues covered with incrustation, much of which heat 
in consequence, ascends the chimney. There is no gain, therefore, in any 
respect, by penuriousness in blowing off; and there is much injury to the 
boiler, for incrusted plates become overheated ; they blister, crack, and get 
burned out tuid make expensive repairs indispensable. Proprietors of 
engines should accept of no excuse for the accumulation of salt or incrust- 
ation within their boilers ; for such deposits arise altogether from insufficient 
blowing off. 

The best method of scaling boilers appears to be by lighting a train of 
shavings in the frimaces and flues after the boilers have been emptied of 
water. The rapid expansion of the metal, thus occasioned, causes the scale 
to crack off ; and, if the flues be then washed down with a hose, the scale 
will frdl to the bottom of the boiler, and will issue out with the water on 
taking off the mud-hole doors. This plan of scaling, however, is one that 
the engineer must execute himself, and must not entrust to firemen or other 
subordinates, as the metal of the boiler might be damaged if the heat were 
made too great The safety valve should, obviously, be kept open while 
the boiler is being heated and cooled, to obviate any pressure or exhaustion 
within it This plan of scaling, however, will seldom be necessary if due 
attention be paid to blowing off by the engineer ; and if the quantity of scale 
be inconsiderable, or partial, in its attachment the best plan will be to chip 
it off with a hatchet-faced hammer, and then wash down the flues with the 
hose, as before described. 

Corrosion, — The corrosion of boilers is one of the most obscure subjects in 
the whole range of engineering. Marine boilers seldom last more than four 
or five years, whereas land boilers, made of the same quality of iron, often 
last eighteen or twenty years ; yet the difference in durability is not the effect 
of any chemical action upon the iron by the contact of sea water, for the flues 
of marine boilers rarely show any deterioration from this cause, and, even 
in worn-out marine boilers, the hammer-marks on the flues are as conspi- 
cuous as at the time of their formation. The thin film of scale spread over 
the internal parts of the boiler would, of itself, preserve that part of the 
iron from corrosion which is situated below the water level ; but whatever 
be the cause, it is a rare thing to find any internal corrosion of a boiler 
using salt water in those parts of the boiler with which the water comes in 
contact The cause, theiifore, of the rapid wearing out of marine boilers 
is not traceable to the chemical action of salt water, and steamers provided 
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with Hall't condenwra, vhicli lapply the boilen irith freth water, btitt 
not reaped much benefit in the durability of their bcnlen. The operatioc 
of the Meun ia corroding the interior of the boiler i« moat capricioiu — 
the part* which are mo<l rapidly irom iwaf in one boiler being nntonched 
in anothtr, and in «ome casea one aide of a ste&m chest will be rery much 
wuted away while the oppoaite aide remaina nninjored. Sometijne* the 
iron exfbliate* in the ahape of a black oiide which cornea away in flakea 
like the leaTce of a book, whUe in other caae* (he iron appears aa if eaten 
away by a strong acid which had a aolrent action apon IL The application 
of felt to the ontiide of a boiler, haa In several caaes been foond to accele- 
rate aetmbly iti internal eorroaion. Boilen in which there is a large accn- 
mnlBlion of acale appear to be more corroded than where there is no tnch 
deposit, and where the ttannel paaaea Chroogh the steam cheat the iron of the 
aiMm chest is inTariably mach more corroded than where the fonnel does 
not pass through it These facta appear to indicate that the internal cor- 
roaion of marine boilen is attributable chiefly to (heeiiatence of surcharged 
steam within them, which ia ateam to which an additional quantity of heat 
hai been communicated subaequeutly to ila generation, so that ita tempera- 
ture is greater than is dae to its elastic force ; and on this hypothesis the 
observed &cts relative to corrosion become easily explicable. Felt applied 
to the outside of a boiler may accelerate tt« internal corrosion by keeping 
the steam in a surcharged state, when by the dispersion of a part of the 
heat il would cease to be in that state. Boilen in which there is a large 
accumulation of acale must haie worked with the water verf aalt, which 
necessarily produces sorcharged steam ; for the lemperalnre of ateam 
cannot be leas then thai of the water IVom which it ia generated, and in- 
asmuch aa the boiling point of water, under any given pressure, riaes with 
the aaltneas of the water, the temperature of the steam moat rise with the 
saltnest of the water, tbe preaanre remaining the same ; or in other word* 
the steam most have a higher temperature than ia due to its elastic force, 
or be in the atate oT anroharged steam. The circumstance of the chimney 
flue passing through the steam will manifeatlj surcharge the steam with 
heat, so that all the circumstances which are fouad to accelerate corrosion 
are, it appears, such as would also induce the formation of surcharged 
steam. Besides, the natural effect of anrchargcd steam is to oxidate tbe 
iron with which it is in contact, as is illustrated by the &miliar proeeaa fbr 
making hydrogen gas by sending steam through a red-hot tube filled with 
pieces of iron ; and olibongh tbe action of the sorcharged ateam in a boiler 
IS necessarily very much weaker than where the iron ia red-hot, it mani- 
feally muit have tome oxidising effect, and the amount of corrosion pro- 
duced may be very material where the action is perpetual. Boilen with ■ 
large extent of heating sniftce, or with descending flues circulating through 
the cooler water in the bottom of the boiler before ascending the chimney, 
will be leia corroded intemallj than boilen in which a h^ quantity of 
the heat passes away in the amoke. If these views be correct, then to 
prevent the internal corrosion of marine boilen it is only necessary to take 
care that the water in the boiler shall be as fresh as poesible. and that the 
root of the chimney shall either be lined with fire brick, or not go through 
the steam at aa 

Arta of Sttaa Pauagei. 

Any excess in siie of the connecting pipes which convey the steam to the 

cylinder is of little consequence in the construction of the steam engiae, 
otherwise than by tbe effect that it may produce in diminishing tbe tem- 
peralare of the ateam, an effect that we will have occasion to consider by 
and bye \ for until the steam has sot beyond the narrowest part of the 
passages, it must be of the samedensity as it is in the boiler, but on entering 
the cylinder it must dilate itself imtil the density ia ao &r reduced as to 
cause the difference of pressure which produces the increase of velocity 
through the contracted apertures; and since the elastic force i* proportional 
to the density, the condition of equilibrium obtains when the elaatic force 
of tbe ateam iu the boiler, drawn into its velocity through the apertures 
acd tbe area of the apertures, is equal to the elastic force of the steam in 
the cylinder drawn into the area of the piston and the velocity of its motion ; 
and from the equation of equilibrium here enunciated, the area of the steam 
paiaaiges or apertures can readily be ascertained ; but for the purpose itf 
expressing the relation generally, 

Put /^ the elastic force of the steam in the boiler, in inches of mercury, 
corresponding to any giten temperature, 

y^the elaatic force of the steam in the cylinder, in inches of mercury, 
when reduced by eipansion, 

ar^the area of the steam passages or apertnrea in aquare inches, 
uathe velocity with which the steam from the boiler passes through 
the apertares in feet per second, 

a'— the area of the piston in square inches, and 

i/sthe velocity of its motion in feet per second. 
Therefore, by employing these symbols in the equation of condition at 
verbally expressed above, the momentum or mechanical effect of the ateam 
in the lloiler, when referred to its motion through the aperturee, is expressed 
by the term/o u, and the momenlnm or mechanical effect of the steam in 
the cylinder after passing the apertures, when referred to the motion of the 
piston, is eipreseed by the terra fa't/f but in the case of an equilibrium 
between the forces, these terms must be equal in value -, let them therefore 
be compared with one another, and the equation in general terma becomea 



or the velocity with which the steam passes the apertnrea ean easily be 
deduced. 

At page 43. it is stated that when a passage ia opened between two veaael* 
containing fluida of diffbrent denaities, the fluid of greatest denaity mshei 
out of the vessel that contains it into the one containing the rarer fluid with 
a velocity equal to that acquired by a heavy body in blling through the 
difference between the heights of two uniAirm colnmna of the fluid of 
greatest density, competent to produce the pressnrea tmder which the fluida 
are respectively confined. Now, the principle here enundated is precisely 
that which applies to steam in the boiler under its Kill intensity (tf pressure, 
and the same steam when transmitted to the cylinder tmder ila diminished 
pressure. 

In order to discuss the principle analytically, which is the best and 
easiest way in the present instance, let the symbol h denote the height of 
the uniform column corresponding to the pressure in the boiler, aud^' tbe 
height of a colunn of the same density corresponding to the pressure in 
tbe cylinder \ then is (A— A') the height of the colnmn which produces the 
velocity through the apertures \ that is, the velocity with which tbe steam 
enteii the cyhnder ; therefore, by putting {* — *■) (br i in No. 12. of the 
class of formula given at page 43, tiie eipreavon tbr the velodtj in qnestion 
becomes IOd - V*sa5 {A-*"), or B—e-S^CA-iOl conae^uentiy, by tran»> 
ferring thia value of d to the general equation of ixindition, we get S'S 
fa^{h—h')=if'aV. But according to what haa been shown at page 44, 
the height of a colnmn producing the velocity is equal to 1-1341 time* the 
elastic force of the steam multiplied by its volume ftiaa a cubie fcxA of water, 
or, rather, bj the number of times that the volume of ateam exceeds that 
of the water from which it is generated. In the present instance, however, 
the force to be couudered must be the difference between the forces in the 
boiler and the cylinder ; that i* (/— /^ i therefore, if b denote ibt bulk of 
the ateam from an noit of water, the principle that we have just announced 



Let the symbol i, _ 

replaced by ita ei^uivalent value in equation (D) page 42., and let x be the 
fraction that indicatea the loss or diminution of force that takes in the 
steam, on being transmitted firom the boiler to the cylinder; then we 
have i_ ^^"6H»"P+"9 .^ ^j^ i>/~(f-Jli therefore, by mbttitaliiig 
these values in the expreaaion immediately above, we obtun after a little 
reduction, the following modified expreauon, vii. 

60-a 143 fa ■/% (temp, -t- 459) —fii'if. 

From this equation, any one of the quantities which it involvea ean 
readily be determined in terms of the rest ( but in order to adapt it fbr 
practical application, we must eliminate the qnantitiM/andy, which indi- 
cate the elastic tbrcea of the ateam in the boiler and the cylinder respee- 
tively, and thia we are enabled to do by meana of the expreanco nf~f—f, 
tor by tranaposition we have f—f~*f, and by coUeeting the tenui, it is 
/(I -a)-/*; therefore, by substitutiou, we get 

60'2143 a Vii (temp. + 4S9}-'aV (I—"). 

The equation in its present fbrm indicatea on equilibrium when the mo- 
tion ia made through a pipe of uniform diameter, without bends or obatmo- 
tions of any kind otherwise than what take* place at the aperturei ; but in 
order to make allowance for such causes of retardation in the velocity aa 
usually occur in well-conatmcted and judiciously arranged engines, wa 
must rednce the co-efficient from 60*3143 to 41'6S68, according to a notice 
at page 44., and then we have 

4I-686B a Vir(tempr+459)=aV (!-■). 

If there were any direct means of detemuning the value of a in this 
equation, the area of the passages corresponding to any given temperatoM 
or elastic fbrce in the boiler could be foimd in all caaes by a very simple 
process ; but since there ia no maximum limit to the expresuon, the ^ro- 
porUon of the power that is lost in producing the velocity ean only be 
approximated by combining the reanlla of nnmerou obaervationa on the 
performance of good engines. The general practice of oninent manuAc- 
toren is to make the area of the steam paseage* about two tenths of the 
area of the piston. Messrs. Boulton and Watt adopted thia proportion in 
their best engines ; but other maken consider that me square inch of pas- 
sage for each bone power is a good proportion, and this they adhere to 
without assigning any reason for their choice : it i*, however, evident that 
the intention of both these maxims is to give the steam the same velocity 
through the passages in engines of all siaes \ but this cannot be correct, if 
the principle be admitted, that the horse power in small engines requires 
more ateam than it doe* in large onea, and this i« a ptnnt that we believe 
fbw peiwma will feel inclined to dispute, though the influence of such a 
truth upon tbe size of the steam passages caimot be material in practice. 

Since it is tbe practice of engineers, when discussing the properties of 
engines, to estimate their pefoimances by the lUameter of the cylinder, the 
length of stroke, and the namber of strokes per minute, it may be proper, 
before we proceed, to apply our formula to the determination of tbe area of 
the ateam passages, so to modify it, as to involve the terms peculiar to 
practical men ; and for this purpose 



Area of Steam Pottoffet. 



L«t d^the diuoeUr of the piston «ctiinated in inchn ; 

iithe diwneter of the atesin puuges, eitimited alio in inchei ; 
J— the length of the stroke in feet; and 
■'nthe nnmber of itrokei per minute. 
Then T« have 30E'=iii', or c'=J,h', indbjihe priociplea of menion 
timi it ii a : a' : : S* : d* ; conseqoeallf bj lubnitution we haTe, 



lS50-6MPVn(temp. + 459)=irb'(l-ii). 
We are noir approaching the ultimate pnctical form of the equation ; 
but ne hsTe Mill to aiEome a Talne to the qoantity n. Tredgold makes 
it ill''' oftlio force of sleam in the boiler; and from Ma well-known atten- 
tion b) accuracy, we adopt it as being probably very near the truth ; at all 
erenlc, wc are Dot aware that subsequeat reiearcbea have elicited a standard 
that agree! more nearly with observation. From thii value of ■ we get, 
by taking the aeareat unit in the coefficient, 



lOS W (temp. -4- 459)^(Ph'. 
Haiing thus obtained the fltial Ibrm of the eqoatioB of coodition, ve 
have next to deteimine ttoiB it the diameter of the itcam pipe, or imther, 
the diameter of the oriSce through which the steam enten the cylinder ( 
tod for this purpose we have only to divide both sides of the eipresaion by 
sU the quantitiH with which the required qoantity is combined, and tfau 
being done, we get, 

P. e^ -. 

105V<teliip. + *59)' 
this eipreasion. however, involvei the sqoare of the required quantity ; and 
therefore, in order to determine its simple value, we mnai eitract the 
square root of both terms ; and thus we obtain 



l-Jv'i>'-t.4'110aS(temp. + «9) (a). 

Since the fourth root has to be extracted from the denominator of the 
fraction in our equation, it would be difficult to represent it in a specific 
form i hot the method of reducing it may be expressed in words m fol- 



Bdu. To tit temperatwt of tUam in the boiltr add tht cautaHt 

4S9 I multipl!/ Ule mm by 1 1025 ; and tztract tlu Kptart root of Iht pro- 
duct. Midtipii/ the length of Etroke by thx numbtr of ttrokei per minute ,- 
dinide the product bg tit muore root jutt found ; aid mullipls the upiart 
root of the quotiml by tht diamtter of tht cyUnder ; the product wiU be Iht 
diameter of tit tltOM patiagu. 
EiampU. Let it be required to determine the diameter of the steam 
psBigea in an engine of which (be diameter of the cylinder is 46 inches, 
the length of stroke 4^ feet, and the number of strokes per minute 26, sup- 
ponng the temperature under which the steam is generated to be S50 
degrees of Fahrenheit's thermometer. 

Here by the rale we get ^/l 1035 (£50 + 4S9)-ST9S-e4 ; the number of 

ilrofcesis 3S, and the length of stroke 4^ feeti hence it isl-iT/ n-g.,^ : 
~a'!O4S6d^0'S0156 K 48 >9-Bt9 inches; so that the diameter of the steam 
pusvges is a little more than one-fiflh of the diameter of the cylinder. 
The same rule will answer fbr high and low preaiare engines, and also for 
the passages into the condenser. 



It has already been mentioned that largeness in the steam pipes between 
the boiler and the narrowest part of the passages, or where the steam 
enters the cylinder, is of no importance whatever as regards the power of 
the engine, otherwise than by its effect in diminisliLng the temperature of 
the steam, in consequence of Che quantity of surface exposed to the cooling 
inGuenee of the almiHphere. In modem practice this efiect is greatly 
reduced, by covering tbe steam pipes with felt or some other substance of 
a like nature, which serves to retain the heat and prevent the external air i 
from coming into contact with the metal surface ; hut, admitting the pipes 
to be employed in their naked state, it may be useful to inquire what may ■ 
be the probable amount of loss arising from the diminution thai takes place 
in the temperatOTe of the steam during its progress from the boiler to the 

Put J— the diameter of the steam pipe estimated in inches, being the nsnal 
measure of that dimension ; 
I—the length of steam pipe, or the distance between tbe boiler and 

the cylinder in feet, including bends, &c. ; 
V'the velocity of the steam in moving along the passages, estintaled 

in tett per second ; 
(—the temperacore of the surface of the steam pipe ; and 
^~the temperature of the external air, which in its mean state maybe 
taken at 60° of Fahrenheit 
llten. 1^ tba rales of menanralion, the area of the transverse MctioD of the 
steam pipe* is ea pr e ss ed by the term )nJ>, where the symbol ■ denotes the 
periphery of aeirdewboMdiameter is nnityi that is, V— 3-1416. Butthe 



quantity of steam that paiaea through tbe |npei in one second is equal to 
the area of the section multiplied by the velocity of motion ; consequentlT, 
thequantity passing it exprewedt^ the term Jnft>; or, in cubic feet, it is 



wift. 



Again, the eaiftee o 



of the 



the steam ppe is equal to the circtimfereiKe 
dtiplicd by its length; hence, the surftce in 

WlS 

■qnare feet is expressed by the term -^ ; but, by the laws of cooling, the 
loss of heat Is directly proportional to the surface of the pipes, and inversely 
IS the quantity exposed in a second ; consequently, the loss of heat in one 
that is, the loss of heat experienced by the qoantity of 



second of 

steam that passes throngh the pipes 

Tifl S76 48i „ ,, 

Ta-STr-A- Mr.Tredgold.mh» 



■ proportional b 
1 Venti- 



lating," has shown that, in the case of cast-iron ^pet, the quantity of heat 
abstracted in a minute by as unit of pipe it eiprMsed by 3-1 (t—f); 
therefore, iff" be pot to denote the loss of heat in one second, we shall, by 
eomtuning the above terms, obtain the following equation, vii. 

der-l-6BHt-t); 
and, by reducing this expression in reference to f , it beeomes 

Here we have a very simple expression fbr determining the loss of heat or 
the diminution of temperature that takes place in the steam during its pM- 
sage from the boiler to the cylinder ; and the method of reducing it may 
be expreatcd in words at length u follows : 

RttLE. Fnm Iht tasperahire of tht turfaet of tht ileam jnptt * ublract At 

ttmpaaturt of the txltnud air; mtdt^ the rtmaindir Ay the Itngth of 

Ou pipet in fat, and agaia by tht cohmUoU ntmbtr or cotffieiai 168 ; 

titn dividt Iht product bg die dianuto' qf At pipt in inehtt drawn into 

Ihe rtkci^ of tit tltOM in fetl per tecmd, and (Ai gmtiat will tiprem 

lit diminatioii of lempanturt in degrttt of Fakmitit't thermometer. 

Etamplt. Lei the length of the steam pipe be 16 feet and its diameter 

S inches, and suppose the velocity of the steam to be about 95 t^et per 

second, what will be the dinunution of temperalore, on the supposition that 

the steam is at 350° and the external ur at 60° of Fahrenheit ? 

Here, b; the note to the above rule, the temperature of the surfhce of the 
steam i«peis350-350xO-05-837-5iheneewegeK"-iHjLMMIizi2J 

- 10-044 degtees. 

If we examine the manner of the composition of the above equation, it 
will be perceived that, dnce the diameter of the pipe and the velocity of 
motion enter aa divisors, the losa of heal will be 1^ as these fiM»ors are 
greater ; bat, on the other hand, the loss of beat wilt be greater in propor- 
tion to the length of pipe and tbe temperature of the steam. Since the 
steam is reduced from a higher to a lower temperature during its passage 
through the steam pipes, it must be attended with a corresponding diminu- 
tion in Ihe elastic force ; it therefore becomes necessary to ascertain to 
what extent Ihe force is reduced, in consequence of the loss of heat that 
takes place in pasiung along the pipes. This is an inquiry of some import- 
ance to the manufacturers of steam engines, as it serves to guard them 
■gainil a very common mistake into which tiiey are liable to Ikll, espe- 
cially in reference to steam boat engines, where it is usual to cause the pipe 
to pass round the cylinder, instead of carrying it in the shortest direction 
from the boiler. In order to decrease the quantity of sur&ce exposed to the 
cooling effect of tbe atmosphere. 

Let/— tbe elastic force of steam in the boiler, corresponding to the given 
temperature ; and 

/'—the (brce to which it is rednced in passing along the [npes, in con- 
sequence of the reduction of temperature. 
Then, by subtractioD, we have /— /' (br the quantity of redaction by cool- 
ing; but, during the process of reduction, a part of '""' "" — '" 

water ; consequently, if this be moltiplied by 1000°, which is the beat of 
canvei«ioa into steam accoiding to Dr. Ure't experiments, the product 
must be equal lo the quantity of heat tbe whole has lost by cooling in 
passing through the pipes ; therefore, by comparison, we get 
\-6Sl ((-0 1000 ( f-f) 
do " f ' 

and, by redodng this expression in reference to/', it is 



; hence we get/: 1 ::f-f:- 



— the quantity lednced to 



86 



Feed Water ; Condensing Water ; Safety Valves. 



This equation gives the elastic fbree of the steam as redaced by cooling 
in flowing along the steam pipes ; it is sufficiently simple for every prac- 
tical purpose, and Uie method of reducing it is as follows. 

Bulb. From the tempereUure of the etafaee of the steam pipe subtract die tem- 
perature of the external air ; mumphf the remainder by the length of the 
pipe m feet, and aaain by the constant fractional co^ffichaU 0*00168 ; 
dimde &e product by the diameter of the pipe in inches draum into the 
velocity of steam in feet per secontl, and subtract the quotientfrom unity ; 
then multiply the difference thus obtained by the elastic force corresponds 
ing tothe temperature of steam in the boiler^ and the product will be the 
elastic force of the steam as reduced by cooling in passing through the 
pipes. 

Example, Let the dimensions of the pipe, the temperature of the steam, 
and its Telocity through the passages, be the same as in the preceding 
example, what will be the quantity of reduction in the elastic force occar 
sioned by the effect of cooling in traversing the steam pipe ? 

Since the elastic force of the steam in the boiler enters the equation from 
which the above rule is deduced, it becomes necessary in the first place to 
calculate its value ; and this is to be done by the second clause of the rule 
on the first column of page 41., which answers to the case in which the 
temperature is greater than 212^ ; thus we have 

250x1 '69856 » 424-640 
Constant number -i 205*526 add 

Sum « 630*1 66 - log. 2*79945 
Constant divisors 333 - - log. 2*522444 subtract 

0*277011 X 6*42-1*778410, 
which is the logarithm of 60*036 inches of mercury. 

A^n, we have 250—0*05 x 250 b 237*5 ; consequently, by multiplying 
as directed in the rule, we get 237*5 x 0*00168 x 16a 6*384, which being 
divided by 95 x 5—475, gives 0*01344 ; and by taking this from unity and 
multiplying the remainder by the elastic force as calculated above, the value 
of the reduced elastic force becomes 

/'- 60*036 (1-0 01344) =59 -229 inches of mercury. 

The loss of force is therefore 60*036— 59*229^0*807 inches of mercury, 
which amounts to the ^th part of the entire elastic force of the steam in the 
boiler as generated under the given temperature, being a quantity of suf- 
ficient importance to claim the attention of our engineers. 

Feed Wateb. 

The quantity of water required to supply the waste occasioned by eva- 
poration firom a boiler, or, as it is technically termed, die '* feed water " 
required by a boiler working with any given pressure, is easily determinable. 
For since the relative volumes of water and steam at any given pressure 
are known, it becomes necessary merely to restore the quantity of water 
by the feed pump equivalent to that abstracted in the form of steam, which 
the known relation of the density to the pressure of the steam renders of 
easy accomplishment. In practice, however, it is necessary that the feed 
pump should be able to supply a much larger quantity of water than what 
theory prescribes, as a great waste of water sometimes occurs from leakage 
or primmg, and it is necessary to provide against such contingencies. The 
feed pump is usually made of such dimensions as to be capable of supplying 
3j times the water that the boiler will evaporate, and in low pressure 
engines, where the cylinder is double acting and the feed pump single acting, 
this proportion will be maintained by making the pump a 240th of the 
capacity of the cylinder. In low pressure engines the pressure in the 
boiler may be taken at 5 lbs. above the pressure of the atmosphere, or 20 lbs. 
in all ; and as high pressure steam is merely low pressure steam compressed 
into a smaller compass, the size of the feed pump relatively to the size of 
the cylinder must obviously vary in the direct proportion of the pressure. 
If, then, the feed pump be I -240^1 of the capacity of the cylinder when the 
total pressure of the steam is 20 lbs., it must be 1-1 20th of the capacity of 
the cylinder when the total pressure of the steam is 40 lbs., or 25 lbs. above 
the atmosphere. This law of variation is expressed by the following rule, 
which gives the capacity of feed pump proper for all pressures : — Multiply 
the capacity of the cylinder in cubic inches by the total pressure of the 
steam in lbs. per square inch, or the pressure in lbs. per square inch on the 
safety valve, plus 15, and divide the product by 4800 ; the quotient is the 
capacity of the feed pump in cubic inches, when the feed pump is single 
acting and the engine double acting. If the feed pump be double acting, 
or the engine single^ acting, the capacity of the pump must be just one half 
what is given by this rule. 

Condensing Water. 

Mr. Watt found that the most beneficial temperature of the hot well of 
his engines was 100 degrees. If, therefore, the temperature of the steam 
be 212°, and the latent heat 1000^ then 1212° may be taken to represent 
the heat contained in the steam, or 1112° if we deduct the temperature of 
the hot well. If the temperature of the injection water be 50°, then 50 
degrees of cold are available for the abstraction of heat, and as the total 
quantity of heat to be abstracted, is that requisite to raise the quantity of 
water in the steam 1112 degrees, or 1112 times that quantity, one degree, 
it would raise one-fiftieth of this, or 22*24 times the quantity of water in 



the steam, 50 degrees. A cubic inch of wafer therefore raised into steam 
will require 22*24 cubic inches of water at 50 degrees fbr its condensa- 
tion, and will form therewith 23*24 cubic inches of hot water at 100 
degrees, lir. Watt's practice was, to allow about a wine pint (28*9 cubic 
inches) of injection water for every cubic inch of water evaporated from 
the boUer. The usual capacitor for the cold water pump is ^ th of the 
capacity of the cylinder, which allows some water to run to waste. 
As a maximum effect is obtained when the temperature of the hot well is 
about 100°, it will not be advisable to reduce it below that temperature in 
practice. With the superior vacuum due to a temperature of 70° or 80° 
the admission of so much cold water into the condenser becomes necessary, 
^and which has afterwards to be pumped out in opposition to the pressure 
of the atmon>here, — that the gain m the vacuum does not equal the loss of 
power occasioned by the additional load upon the pump, and there is there- 
fore a clear loss by the redaction of the temperature below 100°, if such 
reduction be caused by the admission of an additional quantity of water. If 
the reduction of temperature, however, be caused by the use of colder 
water, there is a gain produced by it, though the gain will within certain 
limits be greater, if advantage be taken of Uie lowness of the temperature 
to diminish the quantity of iigection. 

Safety Valves. 

It is not difficult to ascertain the dimensions of an orifice in a boiler of 
given evaporative power, which shall permit such an escape of steam as 
will prevent the pressure from exceeding any assigned amount 

For this purpose. 

Let I — the maximum temperature to which it is wished the steam 
should rise. 
/ B corresponding elastic force measured in inches of mercury. 
Let N« number of cubic feet of water that can be converted into steam 

in one hour. 
Therefore from formda (V) (page 42.,) the number of cubic feet of 
steam having temperature t and corresponding force/, that can be produced 
in one hour, is equal to 

75*67 X (459 + OxN 

/ 

Let jr— Area in square inches of the orifice of the safety valve. 

V— Velocity in feet per second of the escape into air of steam at 

temperature I and force/ 

X V 
Then there escapes per second -— — cubic feet of steam, and per hour 

25 X V. Now the orifice of the valve ought to be so regulated as to allow 
the steam to escape as fast as it can be formed in the boiler ; therefore 

75* 67 X (459 + Q x N 

/ 

therefore, 

3*0268 X (459 -t-QxN 
'« TV 

But since steam at a temperature of 212° balances the atmosphere, we 
may conclude that the steam will escape at the same rate into the air as it 
would into steam at a temperature of 212°. Hence we may apply the prin- 
ciple mentioned in page 43 *. — 

Let h « height of a column capable of producing a pressure/. 

A' s height of a column capable of producing the pressure of (he 

atmosphere. 

Then from formula 1 1 (page 43.) we obtain V =5 -/A - A'. But if v denote 
relative volume of steam at temperature t, then A =1*1341 /», and A' — 
1*1341 / V ; where/' denotes the pressure of the atmosphere in inches of 
mercury, 



25*V«- 



fzA 



•.•V-5^/l*1341 i; (/-/)»5*322 V» (/-^O 
Substituting the value of v fh>m formula U (page 42.), and denoting *~^ 
by R, we obtain 

V-5*322 ^75*67 x n x (459 + 1\ 
B 46*32 ^n X (459 + 
Sutwtituting this Value of V, we obtain 

3*0268 X (459 + x N 



X=r 



46*32 x/ Vn x (459 + 

•0653 =- N 

f^n 



•0653 X 



/ 459.ff 

From this formuk we derive the following rule: — 

Rule.— ylcU 459 to the Umperature of the steam in degrees of Fahrenheit ; 
divide the sum by the pnduct of the elastic force of the steam in inches of 
mercury^ into its excess above the weight of the atmosphere in incites of mer- 
cury; multiply the square root of the quotient by *0653; multiply this product 



To Mfplj thU to (n ewunple — which, howeTer, it amtt be remembered, 
will pre ■ result much too (duUI (tor praclJce. 

Required the leut areaof a ufet^Talfeof a boileriuited fbr a ISO hone 
power engine, working with ileam G lb*, more (h»n the atmocphere on the 
■quire inch. 

In this cue the total premue i« eqnal to 31 Ibi. per iqnare inch ; ukl u 
in rtnmd nomberi one poaod of pr^niTe ii eqnnl to about two inches of 
mercury, it follows that/— IS indiea of mercury. 

It will be Decessai; to calculate I from formula (S) page 41. The ope> 
ration ii as follows : — 



., , /*S9 + 1 /459 + SS 



V 



/{/-SO) 

'EB8-9Z 



-v'l-3669 = l-168 



re x=-0B53 k 1-168 ic N--075T N. 

We hare stated in a fbrmer pan of this work that a eabic foot of water 
enporated per boor is eqaiTalent (o one horse power ; therefore in this 
cue N<-2S0 and e~ 1S-92S sq. in. 

As smither eismple. Required the proper area oF the safety-Talve of a 
boiler suited to an en^ne of 900 hone power, when it is wished that the 
(team shoold never acquire an elastic force greater than 60 lbs. on the 
square inch above the atmosphere. 

In this case the whole elastic force of the steam U 79 Iba. i and as 1 Ik 
eorreapoods in round numbera to 3 inches of mercDry, it follows that/— 
150. It will be necessary to calculate the temperature corresponding to 
this force. The openuiou, as performed by formula S, page 41., is as 

Log. I50.!-6'43=>S-17G09I^-6-4a- -338955 
coDitanl coefficient " 196 log. a-a9a36-1 add 

nstoral number— 4S7'S76 S-63I31S 

constant tempeisture— 121 

required temperature 306-ST6 degrees of Fahrenheit's scale 
459 + 306-876 765-376 765-896 



/C/-30) ISO (150-30) 150x 120~18000 
■1-043549; therefore ^ fT^^^ - V-04a549 = -80628 

Hence the required area - -0653 x -S062S i SOO — -D1347 x GOO = 6-735 
square Inches. 

If the area of the ss&Iir-TatTe of a boiler suited for on engine of 500 
bone power be required, when it is wished the steam should never acquire 
a greater temperature than 300° it will be neeeasary to calculate the 
elastic force corresponding to this temperature 1 and ty formula Q, page 40., 
the required area--0653 -i-231 k50O=-0151 x6O0-7-S5 square inches, 
Ii will be perceived from these examples that the greater the elasticity 
and the higher the corresponding temperature the less is the area of the 
safety-valve. This is just as might have been expected, for then the steam 
can escape with increased velocity. We may repeat that the reaulla we 
have arrived at are mnch less than those used b practice. For the sake 
irf safety the orifices of the safety-valve are intentionally made much larger 
tiaa what theory re^uim ; usually ft of a square inch per horse power i* 
the ordinary proportion allowed in the case of low presanre eoginea. 
Slue Valve. 
WeshsUGrttfindafbrmnlawhich— the dimensiont of the valve eccentric, 
ftc, being given — will enable us to find the exact position of the valve, cor- 
Tcspoikding to any given part of the stroke of the piston ; and theu a formula 
to give conversely the position of the piston correspoudiDg to any given posi- 
tion of the valve. We shall then find another formula to determine the 
cover and length of stroke of the valve that are requisite to cut the steam 
off at any given part of the stroke. These formnlas we shall illoslrate by 
eumples, and subjoin a digest of the whole in three practical rules, with 
examples for the use of those who are not fhmiliar with algebruc notation. 
We shall suppose/^. S. plate 4. to represent a steam eu^e cylinder, 
crank, and short slide-valve. A A is the cylinder, d d the valve, a a' the 
steam porta, e the exhausting port H S is the valve rod connected with 
the lever O S. which works on a shaft whose centre is at O. On the same 
ibafE ii another lever, O F, to which the eccentric oounecting-rod is attached 
l^tpinatp. Cisthe centre of the fly-wheel shaft, C D the length of the 
cnnlC and C V the radios * of the eccentric B D represenit the eon. 



neeting-nKl when the piston is at the top of the strolte. ppu the ptston, 
and Bp* isthe {usion-rod. The valve, as shown in dotted lines, is at it* 
middle position, or half stroke. When the piston ia at the top of iu stroke, 
bowerer, the valve must be in the positiou shown by the sectional lineb 




The qnce F & which the valve overlaps the steam port, we call the cover 
on the (team side. J E, the overlap on the other side of the port, we call 
the cover on the eihansling side. It is usual to have the valve so adjusted 
that the (team port may be (lightly open when the piston is at the top or 
bottom of its stroke. The space thos open, F E, we call the lead. In 
adjusting the length of the valve-rod P V, care must be taken that the 
length is snch that when the eccentric is in the position C Q, at right 
angles to C P, the valve may be eiactly in its middle poaitian ; that is, that 
^ overlap F & may be the same as the overlap G H at the other side. 
When the length of the valve-rod is thus determmed. the proper posidon 
of the eccenbic on the shaft may then be ascertained by placing the crank 
in the perpendicular position, as shown in the figures, and tnming the 
eccentric round into a position C V, such that the valve will be poshed 
downwards so ftr as to cause the port a jnst to begin to be opened at F E. 
The eecentrie may then be fixed firm to the shaft. 

To fhcilitatethefirilowingiBvestigations, we shall denotethe various parts 
by different letten thus : — 

r •^radios of the crank. 

tr'— radius of eccentric, or half the stroke of the valve. 

s — diMance of the piston at any moment from the top of its stroke. 

f — distance of the valve at the corresponding time from top of its stroke. 

X —arc travelled over by the crank (measuring from the perpendicular 
posiiioD C D) while the [nslon has moved over a space = «. 

c = cover of the valve on the steam ude. 

c' — cover of the valve on the exhausting side. 

/ -lead of the valve. 

We are now prepared to investigate a fbrmola to give the valne of i' a 
anypart of the stroke. 

We shall, in what follows, suppose the valve-rod P V. and the connecting- 
rod, to be both indefinitely hmg, in comparison with the length of their 
mtn of thv oeenrriF rini iml On 

rm (lut [h* iFTBn tbmt work Uh tiIh mrn. Id tbv flsar*. tiip- 
jiH th* tina* oT tbe valve it li»r double ibe rsdhu of t)i« 
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respeotiTe cranks C V and C D ; or, in other words, we shall consider these 
rods to be always parallel to the lines C P and C j/. This, of course, can 
never be exactly tme ; but in almost every case the error tiios introduced 
is small in amount, or at least of such a kind as to produce no error in the 
results* of any practical importance. 

When the crank is in any position C IV, the distance « will evidently be 
equal to D U; that is, to r—r cos x, and this will be the value of « in any 
part of the revolution ; for, after the crank passes the horizontal line CIV^ 
the cosines ots become negative. Thus, when the crank is in the position 
C D"', § will be equal to D U'", or to r-r cos. x, the same as before. 
We have, therefore. 



or 



*«sr — r COS. x\ , v 
*-r(l— cos. r)J ^^' 



Again, when the crank is in any position C IV, the eccentric will also have 
moved over an arc V V, equal DD' or to x. So that the distance J will be 
equal to A/ or to / + V'm. 

Thatis,^-*/ 

But kf^r^r cos. arc V V A. 

Now the arc y V A may be considered as made up of three parts, viz. 
A V or 90°, V V or x, and lastly, Q V, the length of which is determined 
by the quantity of cover (c) and the lead (/) ; the arc V Q being always 
such that its sine multiplied by r' may be equal to c + ^ We shall therefore 
have, 

arc A V V'=90o + sin.-'f^+xt 

r 

For simplicity in the notation let us put 

90o + 8in.-»i±i=rf 

r 

Then, arc A VV'«<f + x 

And A /s.r' - r' COS. (ff + x) 

But A/«#' 

/. tf^r'-'r' cos.(ff + x) 

Or j'^r'Jl-cos. 

Or j'=»r' vers. 
Now the arc x is evidently equal to the arc whose versed sine to the 
radius r is equal to «, that is, 






(*). 



— 1 



x=ver8. 



Or xascos.— 



■('-?) 



Substituting, therefore, in the last two equations, the values of x and d, 
we shall have 



-r^jl — 



cos.(90O + 8in.-»i±/ + co8.-» ^) j 
Or j'=r' vers. (90<^ + sin.-'— + ver8.I^) 



(A) 



Again, from formula (6) we have 

r'— i'sr' cos. (d + x) 

"" =C08.(rf + x) 



Hence, d + x 

' XaCOS. 



—I 



cCOS. 



r'— • 



-»r'-«' 



Substituting this value of x in formula (a) we have, 
»=r"j I— cos.[cos. — ^ d\ > 



Or <:=r vers. (cos. 



{• 



r' 



-')) 



* It may be tatltfiictory to the reader that we ihould make a few remarks, to ihow how it 
il that the errors thus introduced into our inrettigatioos are of no practical 
importance. First, with regard to the shortness of the connecting-rod, the error 
introduced bj it arises from tlie circumstance that the crank is not horiiontalat 
hair stroke of the piston. Thus suppose C O in the figure to be the crank, and 
O F the connecting-rod. Suppose P* and P" to be the extremities of the stroke 
of the point P. P' D and P" E wili both be equal to P O, and therefore, if P 
is the position of the cross-head at half stroke, P C will also be equal to P O. 
Hence it is that the crank must always be below the horisontal line at half 
stroke, and the shorter the connecting-rod is in proportion to the crank, the 
more will the crank at half stroke deriate firom the horisontal position. 

Ttie motion of the ralve, however, not being affected by the shortness of the 
connecting-rod, will, so far as if is concerned, work, in relation to the crank, 
exactly as if the connecting-rod were inflniteiy long. That is. when the crank 
is horixontal, the valre will be in the position properly corraponding to half-stroke. 

This, it will be readily perceived, is of no consequence to the working of the engine. 
The grand point is to get the valve to work correctly at the critical moment when the piston 
approaches either end of its stroke, and Is changing the direction of its motion. 

The deransement produced b7 a short eccentric-rod Is of little practical importance from 
the same cause. 

The valve being placed correctly when the piston is at the end of the stroke, the only 
effi>ct of the short valve connecting-rod, will be to make the valve travel a little farther one 
WAV than it does the other, or, what is the same thing, the valve will be a little more open 
at hair stroke, when the piston is going one war, than when it is going the other. 

t Sin -1 A, means the arc whose sine Is equad to A. Co«.-l A means the arc whose cosine 
is equal to A, and so on. 




1 



Substituting for d its value, we get, 

<sr < l~co8.( cos. — -; 90° — sm. --^ J > 



Or*-rvers. /vers. ^ — QO^ — sin. **^'*''^ 



c+/\ 



(B) 



Either of the formulas (A) will readily enable us to find, by the aid of a 
table of natural sines, the value of j', or the position of the valve for any 
value of «, and conversely either of the formulas (B) will give us the value 
of «, corresponding to any value of af. 

We may now proceed to investigate a formula that will give the amount 
of the cover on the steam side that is requisite to cause the steam to be cut 
off at any required part of the stroke. 

The steam, when the piston is going down, will be cut off when the 
edge of the valve E comes to the edge of the port F during the upward 
motion of the valve. Now this will happen when the eccentric is in some 
position C V"^ such that the sine of the arc V" Q' is equal to the cover 
on the steam side. But when the crank has made half a revolution, or 
reached its lowest position, the eccentric will also have made half a revo- 
lution, and will be in the position C \"", It thus appears that, when the 
steam is cut off, the crank has described an arc of 180 degrees, minus the 
arc V" V"". Supposing, therefore, that C D"' represents the position of 
the crank when the steam is cut off, we will have the arc Dl>" IV »arc 
V y V". But the distance of the piston from the top of the cylinder, 
when the steam is cut off (call this distance af') is equal to the radius of the 
crank (r), plus the cosine C U'" of the arc D"' D"". We have, therefore, 

af'^r^T COS. D"' iy'"=r + r cos. V" V* 



/.COS. V'"V* = 



«" — r 



(/) 



Again, this arc V" V* is composed of two arcs Q' V" and Q' V*. 

Sine Q' V' to radius r' we have already seen is equal to the required 

cover on the steam side, that is, sin. Q' V" = ^, and since Q' V*=Q V, 



we have 



sin. Q' V*- 



c + / 



The lead is generally very small, and therefore these two arcs, Q' V* and 
Q' V", are very nearly equal : so that it will be sufficiently accurate for 
practical purposes if we make c, the required cover on the steam side, 
equal to 

r' sin. 1 arc V" V*— i /, That is, c«sin. \ arc V" V* — i / (^) 

By a well-known trigonometrical formula. 

Substituting in this the value of V" V*, from formula (/), we get 

sin. i V" 



-A^] 



'2 r— »"' 



) 



Hence(ff).c-r'y(i!j=fl)_i/ (C) 

The cover that is necessary on the steam side to cause the steam to be 
cut off at any proposed part of the stroke, may be ascertuned from this 
formula, by substituting for y, in the second member, the proposed length 
of stroke to be made before the steam is cut off. 

The Uiree formulas A, B, and C, which we have now investigated, will 
enable the engineer to solve any questions that are likely to arise respecting 
the working of the slide-valve, and will frequently obviate the necessity of 
the very common practice of making wooden models of the valve to see 
how it will work, or how much cover it ought to have. The formulas are 
easily worked, and require in general but little calculation. The only 
auxiliary required is a table of natural sines, which is to be found in 
almost every collection of trigonometrical tables. 

As an example of the application of formula (C) 

inches. 



Let the stroke of the engine 


. « 60 


Or . 


r « 30 


The stroke of the valve . 


. = 10 


Or . . 


r* = 5 


Lead . . . , 


• =* 


o • • • e 


. = 45 



It is required to find how much cover the valve should have on the steam 
side to make the steam be cut off, when the piston is 45 inches from the 
beginning of the stroke. We have (C) 

c«5 y^ r "^ ]— i=2| inches, the amount of cover 

required to produce the given amount of expansion. 
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Ab an example of the application of formula (C), we may apply it to the 
same case. 

We have foond that the cover should be 2} inches to make the steam be 
cat off at three-quarters of the stroke. By formula (C) we may now verify 
our calcolation, and — supposing the valve to be made with a coiner of 2{ 
inches — we can see whether or not it will cat the steam off at the proper 
part of the stroke. 

Supposing the piston to be moving downwards, when the steam is cut 
6B, the valve is below its middle position by the length of the cover 2| 
inches, and when at its middle position, it b half the length of its stroke (5 
inches) below its highest position ; hence «" » 7], or j' a 7 *375. The values 
of the other letters will be the same as before. We will have, therefore, 

COS. "' '^"7*^ «cos.-' — '475»118^Q or 2411° 

Both these arcs have their cosines equal to — '475 ; so that we may take 
either of them. 

Also, sin. lLl±/- sin. ~* -525=230 

and we have (C) 

,«rjl— COS. (11810 — 900 — 320) ] -r [l— cos. 3^0] 

Or,#-r {l— cos. (2440 — 90O — 32O)] r [l— cos. 119lo| 
according as we take the first or second value of cos. 



-»r'— «* 



Now, cos. 3lOs.o-998l 

And, COS. 119^0 .— 0*4924 

Hence,«-30(1 — -9981) 

Or,*»30(l + -4924) 

/. #«-057, or 44-76. 

The second value of « is evidently the one required for our present pur- 
pose, and shows that the steam will be cut off at 44*76 inches from the 
beffinning of the stroke, which agrees very nearly with our former calcu- 
lation, which made a cover of 2{ inches cut the steam off at 45 inches from 
the beginning of the stroke. 

With regard to the above calculation it may be remarked, that there are 
an infinite number of arcs which have their cosines equal to — '475 ; but if 
we were to take more of these arcs it would be found, that they would 
ultimately all give one or other of the results we have already obtained, so 
that it is unnecessary to take more than the first two of them. 

The reason that we get two values for «, is this. For each position of 
the valve there are two corresponding positions of the piston ; the one 
being its corresponding position when going downwards, and the other 
when going upwards. The second value we got for «, therefore, shows us 
that when the piston is moving upwards, the valve will begin to open the 
port, a, when the piston is -057 inch from the top of its stroke. By in- 
creasing the cover on the steam side of the valve, any amount of expansion 
may be obtained, and we might thus obviate the necessity of using expan- 
sion-valves, were it not that mcreasing the cover on the steam side beyond 
moderate limits deranges the working of the exhausting ports. A valve 
with much cover on the steam side must always shut the exhausting port 
considerably before the piston has reached the end of the stroke, while it 
at the same time opens a passage to the condenser for the steam that is 
acting expansively, and thereby entirely removes the propelling power 
before the piston has completed its stroke. In the valve we have taken as 
an example, the operation of this kind of valve in producing expansion is 
carried too fiu*, or at least to the utmost allowable limits. Aj another 
example of the use of formula (C) we shall apply it to the same valve to 
ascertain to what extent the objections we have just described apply in this 
instance. Let us suppose that the cover on the exhausting side (</) is { 
inch, we would then have the exhaustion below the piston cut off when the 
valv« is 5} inches below its highest position. 

In other words we will have j'sS^ 

—1 •/_-/ -I 

Then, cos. — !__l«cos. -•l.«960 or«2640 
r 

And as before, sin _i±/==320 

r' 

Hence *=30 (1 — cos. 260) or 30 (1 —cos. 1420) 
/.<- 3-03 or* =53-64 

We thus see that the exhaustion below the piston would be cut off when 
the piston is still about 6) inches from the bottom of its stroke. The other 
value of $ shows that, when the piston is going upwards, the exhausting 
passage for the steam below it would be opened when the piston was still 
3-03 inches from the top of the stroke. 

In what precedes we have spoken exclusively of the common short slide- 
valve, such as is represented in the figure ; but the long D valve works on 
exactly the same principle ; only in it the exhausting sides of the ports are 
usually reversed. The steam generally enters the cylinder from the insides 
of the ports, that is, from K and M, and exhausts at F and G. 



cos./'90^-sin."'£±i 






+ COS. 



The formula (C) however will apply to the long slide without alteration, 
and the other two formulas (A and B) require only one sign to be changed. 
For the long D valve these two formulas will stand thus : — 

■^■)} 

-;) 

.90° + 8m."'l±i)} 



'-'{- 



or t' -sr. vers. 



I 1— COS. I COS. 



sin. 



^90<»-si 
-»r'-«' 



c + / 



+ vcrs. 



(A) 



(■ 



— I 



— I 



or « * r. vers. [ vers. ^ — 90O + sin. Hi \ 



(B) 



The principal results of the foregoing observations may be expressed in 
the four following practical rules, applicable alike to short slide and long 
D valves. 

Rule I. — To find how muck cover mtut be given on the steam side in order to 
cut the steam off at any given part of the stroke. 

From the length of the stroke of the piston, subtract the length of that 
part of the stroke that is to be made before the steam is cut off Divide 
the remainder by the length of the stroke of the piston, and extract the 
square root of the quotient Multiply the square root thus found by half 
the length of the stroke of the valve, and from the product take half the 
lead, and the remainder will be the cover required. 

Rule XL — To find at what part of the stroke any given amount qf cover on 
the steam side will cut off the steam. 

Add the cover on the steam side to the lead ; divide the sum by half the 
length of stroke of the valve. In a table of natural sines find the arc whose 
sine is equal to the quotient thus obtained. To this arc add 90O, and from 
the sum of these two arcs subtract the arc whose cosine is equal to the 
cover on the steam side divided by half the stroke of the valve. Find the 
cosine of the remaining arc, add 1 to it, and multiply the sum by half the 
stroke of the piston, and the product is the length of that part of the stroke 
that will be made by the piston before the steam is cut off. 

Rule III. — To find how much before the end of the stroke, the exhaustion 
of the steam in front of the piston will be cut off. 

To the cover on the steam side add the lead, and divide the sum by half 
the length of the stroke of the valve. Find the arc whose sine is equal to 
the quotient, and add 90° to it Divide the cover on the exhausting side 
by half the stroke of the valve, and find the arc whose cosine is equal to 
the quotient Subtract this arc from the one last obtained, and find the 
cosine of the remainder. Subtract this cosine from 2, and multiply the 
remainder by half the stroke of the piston. The product is the distance of 
the piston from the end of its stroke when the exhaustion is cut off 

Rule IV. — To find how far the piston is from the end of its stroke, when the 
steam that is propelling it by expansion is allowed to escape to the condenser. 

To the cover on the steam side add the lead, divide the sum by half the 
stroke of the valve, and find the arc whose sine is equal to the quotient 
Find the arc whose cosine is equal to the cover on the exhausting side, 
divided by half the stroke of the valve. Add these two arcs together, and 
subtract 90°. Find the cosine of the residue, subtract it from 1, and mul- 
tiply the remainder by half the stroke of the piston. The product is the 
distance of the piston from the end of its stroke, when the steam that is 
propelling it is allowed to escape to the condenser. In using these rules 
all tiie dimensions are to be taken in inches, and the answers will be found 
in inches also. 

From an examination of the formulas we have given on this subject, 
it will be perceived (supposing that there is no lead) that the part of the 
stroke where the steam is cut off, is determined by the proportion which the 
cover on the steam side bears to the length of the stroke of the valve : so 
that in all cases where the cover bears the same proportion to the length of 
the stroke of the valve, the steam will be cut off at the same part of the 
stroke of the piston. 

In the first line, accordingly, of Table L, will be found eight different 
parts of the stroke of the piston designated ; and directly below each, in the 
second line, is given the quantity of cover requisite to cause the steam to be 
cut off at that particular part of the stroke. The different sizes of the cover 
are given in the second line, in decimal parts of the length of the stroke of 
the valve ; so that, to get the quantity of cover corresponding to any of the 
given degrees of expansion, it is only necessary to take the decimal in the 
second Ime, which stands under the fraction in the first that marks that 
degree of expansion, and multiply that decimal by the length you intend to 
make the stroke of tiie valve. Thus suppose you have an engine in which 
you wish to have the steam cut off when the piston is a quarter of the 
length of its stroke frt)m the end of it, look in the first line of the table, and 
you will find in the third column from the left, ). Directly under that, in 
the second line, you have the decimal, *250. Suppose that you think IS 
inches will be a convenient length for the stroke of the valve, multiply the 
decimal -250 by 18, which gives 4^ Hence we learn, that with an 18-inch 
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Uroke for the valve 4) inchei of covet dd ths steam iid« will canu the iteam 
to be cut ofi' vhea the pi*ton \>u nili a quarter of its Kroke to perform. 

Hiklftbe stroke of the valve most ilwajs be oi inut eqoal to the cover on 
the steam side added to the breadth * of the portj consequeatly, aa the 
cover, in thiscMe, mutt be 4^ inehea, and m h&lf the stroke of the valve is 
9 inches, the breadth of the t|ort csimat be more than (9 -41 - 4*) 4( 
inches. If this breadth of port is not enoagh, wa must inereate the ctroke of 
the valve ; by which means ire shall get both the cover and the br^th of 
the port pn^^ortionall; increased. Thus, if ve make the len^ of valve- 
stroke SO inches, ve shall have for Che cover ■35Dx30'>S ioehet, and for 
the breadth of the port I0_5=5 inehea. 

TABLE L 



Distance of the piEton from 

when the steam is cut off. 
in ports of the length of its 
BtToke - - ■ -. 


\ 


A 


* 

1 


« 


) 


1 




J. 


Cover on the steam side of the 1 1 
valve in decimal ports of ^!'3S9 
the length of its stroke -J | 


^70 '-250 -aaa 


.„ 


■177 


■144 


■loa 



Thia table, at ve have alreadj intiiiiated, is compated on (he snppoeitian 
that the valve it to have do lead ; bnt, if it is to have lead, all that is neces- 
sary it, Co snbtract half the proposed lead from the cover foand from the 
" ' ' ' ' If will be the proper qnanlitj of cover to give to the 
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I'l 


S4 


6'94 


6-48 


6-00 


S-47 


4-BO 


4-35 


3-47 


2-45 


aai 


6-79 


6-34 


5-8S 


6-36 


4^79 




3^39 




as 




6-ai 




52* 


4-69 


407 


3-32 




lai 




6-07 


5-62 


513 


4-59 


3-98 


3-35 


2^29 


32' 


6-36 




5-50 


S'02 


4-49 


3-99 


a-13 


2^2-l 


i\\ 


6-21 


5-80 


5-38 


4-90 


4-3D 


3-80 


3-10 


a-ia 


at 


6-07 


s-ev 


sss 


4'79 




372 


3^03 


2-14 


201 


5-92 
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3-63 


2-96 
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5-40 




4'S6 


4-08 


3-54 
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4-87 
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3-98 
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274 
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1-58 


15 


4-33 


4'OS 


375 


3'42 


3-06 


a-ea 


216 


I'M 


l*i 






3-62 


3-31 


2-96 


2-57 




1-48 


14 


4-05 




3-50 


319 


2^86 


2-48 


a-02 


\-i3 


131 


3-90 


3-6* 


3-37 


3-08 


275 


a-39 


1-95 
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13 
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3-25 
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1-88 


ra2 


lai 
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274 
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333 


8-10 


2-87 


a-ea 
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a-08 


1-66 






3-18 


2-97 


275 


a-51 


224 


1-95, 


1-58 


1-13 


101 


3-03 


a-83 


2-62 


a-39 


2-14 


1-86 


I-5I 


1-07 




2-89 


2-70 


2-50 


a-28 




177 


1-44 


I -02 


1* 


26S 

2-60 


a-56 

2-43 


2-.W 

a-25 


2-17 


1-B4 


I-G8 


1-38 
1-30 


■9G 

■a a 


81 


£'46 


8-29 




1-94 


173 




1-23 
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2'3I 




2-00 


1-82 


1-63 




115 




7i 




a-oa 


1-87 


r:i 


1-53 


1.33 


1-08 


76 
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s-oa 


l'S9 


175 


1-60 


1-43 


1-24 


1-01 


71 
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1-88 
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1-48 
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-30 
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v«lve. Snppote that, in the latt example, the valve was to have J inch of 
lead, we wonld tabtract 1 inch from the 5 inches fannd for the cover h; the 
table : that would leave 4] inches for the qnautit; of cover that the valve 
oo^t to have. 

Table IL is an eitentiiw of Table L, for the porpow <tf' obviating, in most 
cues, the necessity of even the ver7 small degree of troable required in mnl- 
tiplying the stroke of the valve In one of thedecimalsbTaUeL Tbefint 
line of Table U. contitts, aa in Table L, of eight fractiont, in^cating the 
virioot parts of the stroke «I wlu^ the tteam tnay be cut eC The flrtt 
column on the left hand coniists of varioiii nombeii that represent the dif- 
ferent lengCht Chat may be given to the ttroke of the valve, diminishing, by 
half-inch^ frtoD 34 inches to 3 inches. Sappoae that you wish Che tCeam 
cat off at any of the eight parts of the stroke indicated in the first line of Ihe 
table (say at \ from the end of the stroke,} you find \ at the top of the 
sixth colimui from the left. Look for the proposed length of stroke of the 
valve (say 17 inchea) in the Brtt calanm on the left. From 17, in chat 
cohmm, ran along the line towards the riEht, and in Cbe sixth column, and 
directly onder Che 1 at the (op, yon will find 347, which is the cover re- 
quired to cause the tteam to be cut off at 1 from the end of the stroke, if 
die valve has no lead. If you wish to give it lead (say \ inch,) subtract die 
half of that, or J - -135 inch from 3-47, and yon will have 3-47 - -125 - 3-34S 
inches, the quantity of cover that the valve should have. 

To find the greuest breadth that we can give to the port in Ihit case, we 
have, as before, half the length of stroke, 8) — 3^345 — S'lSS inches, which 
is the greatest breadth we can give to the part with this length of stroke. It 
is scarcely necessary to observe that it is not at al! essential that the port 
should be to broad as thit ; indeed, where great length of stroke in die 
valve is not inconvenient, it it alwnys an advantage to make it travel farther 
than is just neceitarj to make the port flill open ; because, when it ttmveli 
further, both the exhaoMiDg and itetm ports are more quickly opened, to 
as to allow greater fk«edom of motioD tothettetm. 

The mannerof uting Chit table it to nmple, that we need not trouble Che 
reader with more examples. W« pats on, thereSire, to explwn the nse of 
Table IIL 

Suppose that the [nston of a steam-«llgfaie is making its downward stroke, 
that the steam is entering the upper part of the cylinder by the upper 
steam-port, and escaping from below die [dstOB by the lower exhausting- 
port ; then, if (at is generally the cose) the sitde-nlve has some cover on 
the steam ude, the upper port will be closed before the piston gets to the 
bottom of the stroke, snd the steam above then acit eipuisively, while the 
communication between the bottom of the cylinder and the condenser sttll 
continnes Open, to allow any vapour from Che condensed water in the 
cylinder, or any leakage past Che piston, to escape into the condenser -, but, 
before the piston gets to the bottom of the cylinder, this passage to the 
condenser will also be cut off by the valve closing the lower port. Soon 
after the lower port is thus closed, the upper port will be opened towards 
the condenser, so as to allow the steam that has been acting expansivelj? 
to escape. Thus, before the piston has completed its stroke, the propelling 
power is removed fh>m behind it, and a reainJDg power it opposed before 
it, arising from the vaponr in the cylinder, which has no longer any pas- 
sage open to the condenser. It is evident. Chat if there it no cover on 
the exhantting aide of the valve, the eihaniting port before the piston will 
be closed, and the one behind it opened, at the ssme time \ but. if there is 
any cover on the exhausting side, the port before the piston will be closed 
before that behind it is opened ; and the interval between the cloeing of 
the one, and the opening of the other, will depend on the quantity of cover 
on Che exhsiusting side of the valve. Again, the poticion of the piston in 
the cylinder, when these ports are closed and opened respectively, will 
depend on the quantity of cover that the valve has on the steam side. If 
the cover is large enough to cut the steam off when the piston it yet • 
considerable distance from the end of its stroke, these ports will be closed 
and opened at a proponionably early pan of the stroke ; and when it is 
attempted to obtain grrai expansion by the ilide-valve alone, withonc tn 
expansion -valve, considerable lots of power is incurred fkim thit cause. 

Table IIL is intended to show the parts of the stroke where, under any 
given arrangement of slide-valve, these porta close and open respectively, 
BO that thereby the engineer may he able to estimate how much of the 
efficiency of the engine he totes, while he it trying to add to the power of 
Che tteam by increasing the expaneion in this manner. In the table, there 
are eight double columns, and at the headt of these columns are eight 
fi-actioni as before, representing so many different parts of the ttroke at 
which the steam may be supposed to be cut off. 

In the left-hand single column in each double one, are fonr decimals 
which represent the distance of the pitton (in tenns of (he length of ita 
stroke) from the end of its stroke when the exhausting-port b^ore it it 
opened, corresponding with the degree of eipaniion indicated by the fraction 
at the top of the double column aud the cover on the eihansting side 
opposite lo these decimals respectively in the left-hand column. The right- 
hand single column in each donble oue contains also each fbur decimals, 
which show in the some way at what part of the stroke Che exhausciag- 
port behind the piston is opwd. A fHr examples wilt, perhaps, explain 
chit beat. 
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Krokc Let the ttroke of the pitton be 6 feet, or 72 inchei. We vuh to 
know when the ezluiutiag port before the pistoa will be closed, ind when 
Ike one behind it will be opened. At tlie top of the left-hand doable 
Mbnna, the giTen degree (^ eipmsiou (l-3d) is nurked, and in the 
*ztn9M left oolnnn we have u the top the given amount of corer (l-8th). 
O^ndte die 1-Sth, in the firit donble column, we have ■178 and ■OSS, 
wbieh decinult, muldplied respectivelj by 7S, the length of the stroke, 
will give the reqnired poiitioni of the piilon : thos 73 x ■178 — 13-8 inche* 
-diitanoe of the pinon thnn the end of Uie itnike when the eihuuting 
port before the piMon ii shnt ■ and 79 " -OSS— 2'S8 inches "diiUmce of the 
_, — ^. _ .... ^j ^ jj^ stroke when the exhausting-port behind it ii 



incJua, die length of the itrdie of the piston 60 inches. It is required 
•iMTttun ■!] the particulars of the working of this valve. The cover on 
die exhMisting side is evidenilj J, of die length of the valve stroke. 
Again, looking nt 16 in the left-hand colonm of Table IL, we find in the 
MBe horiiontal line 3^2G, or very nearly SJ under ( at the head of the 
eolomQ, thos showing that the steam wiU be cat off at 1 iW>m the end of 
Qw stroke^ Again, onder | at the heitd of the fifth doable colmnn ft-om 
flw left in Table IIL, and in a horiiontal line with ^ in the left-hand 
eolmnn, we have -OSS and -033. Hence, -053 x 60— 318 inches >= distance 
cf the piston from the end of its stroke when the exhausting port before it 
is shut, and ■OSS X 60 m I -gs inches > distance of the [Hiion trom the end of 
its stroke when the exhaastiag port behind it is opened. If in this vslve 
the cover on the exhausting side were increased (saj to S inches, or J of 
flw stroke,) the eBiet woald be to make the port before the valve be uiat 
socoer in the proportion of -109 to -053. and the port behind it later in the 
pniportion of -008 to -053 (see Table III.}' Whereas, if the cover on the 
exhansting side were removed entirely, the port before the piston would be 
ihnt and that behind it opened at the same time, (and see bottom of fifth 
donble eolnmn. Table IIL) the distance of the {uaton from the end of its 
sln^ at that time woald be -043 1 60 = 2^58 inches. 

An inspection of Table IIL shows as the effect of increasing the ex- 
lOMon tnr the slide-valve in aogmenting the loss of power occasioned by 
dt* inpemct acdon of the eduction passages. Referring to the bottom 
fine of the Table, we see that the edactioD passage before the piston is 
dosed, and that behind it opened, (tbas destroying £e whole moving power 
(/the engine.) when the piston is -092 from the end of its stroke, the steam 
bong cat off at J fttnn the end. Whereas, if the steam Is only cat off at J, 
hem the end of the stroke, the moving power is not withdrawn till only 
■Oil of the stnAe remains uncompleted. It will also be observed that 
ioereasing the cover on the exhausting side has the effect of retaining the 
aetioD of the steam longer bekavi the piston, but it at the same time causes 
the eduction port befort it to be closed sooner. 

A very canory examination of the actioa of the slide-valve is sufficient 
M show diM the cover aa the steam side shoald always be greater than on 
tbscthanitiiig nde. If they are equal, the steam would be admitted on 
•M aide of ue pialon at the same tune that it was allowed to escape fWim 
thaodwr; bat universal experience has shown that when this is the case a 
*HT eonriden^de part of the power of the engine is destroyed by the 
iMstanoe opposed w the piston, by the exhausting steam not getting away 
k> the MSidenser with sufficient rapidity. Hence we see the necesuly oT 



the cover on the ezhuisting side being always less than the cover on the 
steam side ; and the difference shoald be the greater the higher the velocity 
of the pinon is inteoded to be, because the quicker tbc piston moves the 
passage for the waste steam requires to be the larger, so as to admit of its 
getting away to the condenser with as great rapidity as possible. In 
locomotive or other engines, where it is cot wished to expand the steam in 
the cylinder at all, the slide-valve is sometimes made with very little cover 
on the steam side : and in these circumstances, in order to get a sufficient 
difference between the cover on the steam and eihansting udes of the 
valve, it may be necessary not only to take away all the cover on the 
exhausting side, bat to take off still more, so as to make both exhausting 
passages be, in some degree, open, when the valve is at the middle of its 
stroke. This, accordingly, is sometimes done in such circumstances as 
we have desciibed ; but. when there is even a small degree of cover on the 
steam side, this plan of taking more titan oS the cover off ' 



Fig. 163. 



Fig: 163, 164. 
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■ideonght Dever lo be resoruato, u il can terve no good purpose, and will 
materl&ily increau an evil we have already explained; viz. the opening 
of the eKbanidng-port behind the piston before the stroke it oeaily com- 
pleted. The Tables apply equally to the common ahort slide three-ported 
Talvea and to the long D Talvef. 

In Jig. 163. il exhibited a common amuigement of the valTei in locomo- 
tiTC enginea, and in Ji^. 163. and 164. are ihown an amngemeDt for 
working valiei by a ahifling cam, by which the amoont of expansion may 
be varied. This particular arrangement boverer ii antiquated, and is now 
bnC little used. 

The extent to which expansion can be carried beneficially by meani of 
Up upon the TBlve is abont one-third of the itroke ; that la, the Talve may 
be made with so much lap, that the steam will be cut off when one-third 
of the stroke has been performed, leaviag the residue to be accomplished 
by the agency of the expanding steam ; but if more lap be put on than 
answers to this amount of expansion, a Tery distorted aclion of (he valve 
will be produced, which will impair the efficiency of the engine. If a further 
amonnl of expansion than this is wanted, it may be accomplished by wire- 
drawing the iteaiD, or by so contracting the steam passage, tbat the pressure 
within the cylinder must decline when the speed of the piston is accelerated, 
as it is about the middle of the stroke. Thus, for example. If the valve be so 
made as to shut off the steam by the time two-thirds of the stroke have been 
performed, and the stfam be at the tame time throttled in the steam pipe, 
the full pressure of the steam within the cylinder cannot be maintained except 
near the beginning of the stroke where the piston travels slowly ; for as 
the speed of the piston increases, the pretsare necessarily snbtidet, unbl the 
piston approaches the other end of the cylinder, where the pressure would 
rise agam but that the operation of the lap on the valve l^ this Cme has 
had the effect of closing the communicauon between the cylinder and steam 
pipe, BO as to prevent more steam fhtm entering. By throttling the steam, 
therefore, in die manner here indicated, the amonnt of expaniion due to 
the lap may be doubled, so that an engine with lap enough upon the valve 
to cut off the steam at two-thirds of the stroke, may. bj the aid of wire- 
drawing, be virtually rendered capable of cutting off the steam at one- 
ihiid of (he stroke. The usual manner of catting off the steam, however, 
is by means of a separate valve, termed an expansion valve ; but such a 
device appears to be hardly necessary in many engines. In the Cornish 
engines, where the steam is cut off in some cases at one-twelfth of the 
stroke, a separate valve for the admission of steam, other than tbat which 
permits ita escape, is of coarse indispensable ; but in common rotative 
engines, which may realise expansive efficacy by throttling, a separate ex- 
pansive valve does not appear to be required. In all engines there is a 
point beyond which expansion cannot be carried with advantage, at the re- 
sistance to be sormonnted by the engine will then become equal to the 
impelling power ; but in engines working with a high pressure of steam 
that point is not so speedily attained. 

In high pressure, as contrasted with condensing engines, there is always 
the loss of the vacuum, which will generally amount to 13 or 13 lbs. on the 
square inch, and in hig^ pressure engines, there is a benefit arising from 
the use of a very high pressure over a pressure of a moderate account 
In all high pressure engines, there is » diminution In the power caused 
by the coimleracting pressure of the atmosphere on the educting side of 
the piston : for the force of the piston in its descent would obviously 
be greater, if there was a vacuum beneath it ; and the counteracting pressure 
of the atmosphere is relatively less when the steam used is of a very 
high pressure. Il is clear, that if we bring down the pressure of the 
steam in a high pressure engine to the pressure of the atmosphere, it will 
not exert any power at all. whatever quantity of steam may be expended, 
and if the pressure be brought nearly as low as that of the atmosphere, the 
engine will exert only a very small amount of power i whereas, if a very 
high pre«iure be employed, the pressure of the atmosphere will become 
relatively as small in counteracting the impelling pressure, as the attenuated 
vapour in the condenser of a condensing engine is in resisting the lower 
pressure which is there employed. Setting aside loss from friction, and 
supposing the vacuum to be a perfect one, there would beno benefit arising 
from the use of steam of a high pressure in condensing en^nes, for the 
same weight of steam used without expansion, or with the same measure of 
expansion, would produce at every pressure (be same amount of mechanical 
power. A piston, with a square foot of area, and a stroke of three feet 
with a pressure of one atmosphere, would obviously lift the same weight 
through the same distance, as a cylinder with half a square foot of area, a 
stroke of three feet, and a pressure of two atmosphere*- In the one case, 
we have three cubic feet of steam of the pressure of one atmosphere, and in 
the other case IJ cubic feet of (he pressure of two atmospheres. But there 
is the same weight of ileam, or the same quantity of heat and water in it, 
in both cases, so that it appears a given weight of steam would, under such 
circumstances, produce a definite amount of power, withont reference to 
the pressure. In the case of ordinary engines, however, these conditions 
do not exactly apply ; the vacuum is not a perfect one, and the pressure of 
the resisting vapour becomes relatively greater as the pressure of the 
steam is diminished ; the friction also becomes greater from the necessity 
of employing larger cylinders, so that even in the case of condensing 
engines, there is a benefit aruung trom the use of steam of a considerable 
pressure. Expansion cannot be carried beneficially to any great extent, 
unless the initial pressure be considerable ; for if steam of a low pressure 



were used, the nltimate tension would be reduced to a point so nearly ap- 
proaching that of (be vapour in the condenser, that the difference would 
not suffice to overcome the friction of the piston ; and alots of power wonld 
be occasioned by carrying expansion to sach an extent. In some of the 
Cornish engines, the steam ia cat off at one-tweinh of the stroke ; but 
there wonld be a loss arising from carrying the expansion so hr, instead of 
a gain, unlets the pressure of the steam were considerable. It is clear, that 
in the case of engines which carry expansion very far.a very perfect vacuum 
in the condenser is more iinportant than it is m other cases. Nothing can 
be easier than to compute the ultimate pressure of expanded steam, so as to 
see at what point expansion ceases to be productive of benefit ; for as the 
pressure of expanded steam is inversely as the space occupied, the terminal 
pressure when the expansion is twelve timet is just one-twelfth of what it 
was at first, and so on, in all other projections. The total pressure should 
be taken at the mitial pressure — not the pressure on the safety-valve, but 
that pressure plus the pretsure of the atmotphere. 

In high pressure engines working at tnaa TO to 90 lbs. on the square 
inch, as in the case of locomotives, the efficiency of a given quantity of 
water raised into steam may be considered to be about the same as in con- 
densing engines. If the pressure of steam in a high presanre engine be 
130 Ibe,, or 12Slbt. above the atmosphere, then the resistance occasioned 
hy the atmosphere will cause a loss of jth of the power. If the pressure 
of the steam in a low pressure engine be 16 lbs. on the square inch, or 
111b. aboie the atmosphere, and the tension of the vapour in the condenser 
be equivalent to A inches of mercury, or a lbs. of pressure on the square 
inch, then the resistance occasioned by this tare vapour will also cause a 
loss of |th of the power. A high pressure engine, therefore, with apressure 
of lOS lbs. above the atmosphere, works with only (he same loss from re- 
sistance to the piston, as a low pressure engine with a preuure of 1 lb. 
above the atmosphere, and with these propMtions the power produced by ■ 
pven weight of steam will be the same, whMher die engine be high pressure 



Some of the more prominent causes of boiler eiplosioni have been 
already enumerated; but explosions have in some cases been attributed la 
the sfdieroidal condition of the water in the boiler, consequent upon the 
fluet becoming red hot from a deficiency of water, the accumulation of 
tcale, or otherwise. The attachment of scale, from its imperfect conducting 
power, will cause the iron to be unduly heated ', and if the scale be ac^ 
dentally detached, a partial explosion may occur In consequence. It it 
found, tbat a sudden disengagement of steam does not immediately follow 
the contact of water with the hot metal, for water thrown upon red-hot 
iron Is not immediately converted into steam, but assumes the spheroidal 
form and rolls about in globules over the sur&ce. These globules, how- 
ever high the temperature of the metal may be on which they are placed, 
never rise above the temperature of 305°, and give off hut very little 
steam ; but if the temperature of the metal be lowered, the water ceatet to 
retain the spheroidal tbrm, and comes into intimate contact with the metal, 
whereby a rapid disengagement of steam takes place. If water be poured 
into a very hot copper flask, the fiask may be corked np, as there will be 
scarce any steam produced so long as the high temperature is maintained; 
but so soon aa the temperature is suffered to &11 below 350° or 400°, the 
spheroidal condition being no longer maintainable, ileam is generated with 
rapidity, and the cork will be projected from the month of the flask with 
great force. In a boiler, no doubt, where there is a considerable bead of 
water, the repeltant action of the spheroidal globules will be more effectually 
counteracted than in the small vessels employed in experimental researche*. 
But it is doubtful whether in all boilera there may not be something of the 
spheroidal action perpetually in operation, and leading to effects at present 
mysterious or inexplicable. 

One of the most singular phenomena attending the spheroidal condition 
is, that the vsfionr arising fittm a spheroid is of a &r higher temperature 
than the spheroid itself. Thus, if a thermometer be held in the atmoephei« 
of vapour which surrounds a spheroid of water, the mercury instead of 
standing at 205°, as would be the case if it had been immersed in the 
spheroid, will rise to a point determinable by the temperature of the veitel 
in which the spheroid exists. In the case of a spheroid, for example, 
existing within a crucible raised to a temperature of 400°, the thermometer, 
if held in the vapour, will rise to that point ; and if the crucible be made 
red hot the thermometer will be burst, from the boiling point of mercury 
having been exceeded. A part of this effect may, indeed, be traced to 
direct radiation, yet il appears indisputable from the experiments which 
have been made, that the vapour of a liquid spheroid is much hotter than 
the spheroid itself 



In the well-known steam vessels Her Majesty and Royal Consort, the 

boilers supply a pair of engines with steam, the cylinders of which an 65 
inches in diameter, and the stroke 5 feet 6 inches. There are four boilers 
in each vessel fired at oppoMte ends, 13 inches separate in the direction of 
the vessel's length, and 2 feet 6 inches asunder athwart-shipe. The flues 
of the four boilers join soas tofbrm the foot of the funnel, which is 5 feet 6 
inches in diameter. The water-space at the inner side of each boiler i* 
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abo leenred ^7 four two-inch bolti. Each boiler has three fiimaces, the 
centre one being 2 feet 2 inches wide and the side ones 2 feet 4^ inches on 
the ootside, bat widening within to 2 feet 4 inches, and 2 feet 6 inches 
respectiTclj. This is a very well secured boiler, but it would be an im- 
l^rorement if the tubes were placed at a slight inclination, in order to ftci- 
litate the disengagement of the steam from the a^rmost tube plate. 

The durability of boilers is affected by many circumstances, the more 
prominent of which it may be expedient to enumerate. In marine boilers 
the steam-chests and the ash-pits of the furnaces are the first parts to give 
way. The outside of the steam-chest is worn away by the dripping of 
water from the deck, and the inside by the action of the steam, while the 
wear of the ash-pits is chiefly attributable to the practice of wetting the 
ashes and quenching the fires with salt water. The action of the steam 
upon the interior of the steam-chest is most capricious, some parts being 
worn away rapidly, while other parts are uninjured, and the parts most 
rapidly deteriorated in one boiler are often untouched in anoUier. The 
iron of the steam-chest, however, is as a general rule most rapidly worn away 
m those boilers in which scale is permitted to accumulate, which may 
perhaps be from the extrication of muriatic acid from the salt Painting 
the insides of boilers is not of much use as a preservatiTe from corrosion, 
and is said to induce priming ; but we think a whitewash, if it may so be 
termed, of Roman cement applied in several successive coats to the interior 
of the steam-chest, would be found to be an effectual preservative of the 
iron in that situation. For protecting the outsides of boilers we know of 
no more effectual method than felting them and covering them afterwards 
with sheet lead that is soldered wherever there is a joining. The i^pli- 
eatkm of frit, however, to the outside of boilers has in some cases been 
fMmd to accelerate their corrosion in Uie inside ; but the inside corrosion 
may be obviated by the application of the Roman cement 

weam-pipes, whether made of iron or copper, are attended with practical 
otjeetions. Malleable iron pipes become rapidly corroded by the passage 
of the steam, and large flakes of hard rust are carried into the valve and 
cylinder, where they work much damage by scratching into ruts the 
•orfroes that ought to be steam-tight Copper steam-pipes have a galvanic 
action npon the cylinder fiAces and the valves, by which the iron is worn 
away or turned into plumbaga Copper pipes, however, are upon the 
whole less objectionable than pipes made of iron, and should obtain a pre- 
ference, though we think it likely that the recent reductions of the duty 
on glass will lead to the manufrcture of pipes enamelled on die inside, 
whidi will be greatly superior to those now in use, as they will obviate the 
evil of corrosion. 

All tubular boilers should be provided with a self-acting contrivance for 
maintaining the feed, and this contrivance should be put in connexion with a 
small engine whose ftmctions it is to supply the lx>ilers with water. By 
this expedient the water level may be maintained at its proper height, even 
when the engine is stationary, without having recourse to the laborious 
operation of pumping by hand. In a steam vessel a small engine may be 
applied to a number of useftd purposes, besides that bf feeding the boiler, 
toch as raising the anchor and tnmsferring th.e coal from one part of the ' 
vessel to anouer. 

We have long been of opinion, that although there may not be much 
prospect of increasing the economy of the present steam engine by obvi- 
ating sources of waste not yet recognised, yet that the steam engine is not 
the best conceivable instrument for obtaining the mechanical power doe to 
a certain quantity of heat It is only where two different temperatures 
subsist that mechanical power can be realised, and the farther removed 
these temperatures are from one another the greater the resulting power 
mnst be. That instrument will therefore realise the greatest mechanical 
effect fttmi a given quantity of heat, which may be worked with the 
greatest extremes of temperature; and if steam could be employed for 
working an engine as hot, or nearly as hot, as the fire by which it is 
generated, the true mechanical effect due to the heat employed would be 
obtained ; but as this obviously cannot be done, there is a loss incidental 
to the use of the steam engine which other contrivances may be invented 
to avert In any case that we can imagine there must be much difficulty 
m dealing with the high temperatures this principle appears to prescribe, 
but the principle does not make high temperatures imperative, but merely 
great differences of temperature; and very low temperatures may not 
present the same impediments as very high ones. It is not by steam, 
however, that the benefits due to great differences of temperature are 
Ckely to be realised, but by some other agent, that will be better adapted 
to the new circumstances in which it is placed. 

Sttrekarged steam, — Surcharged steam is steam to which an additional 
dose of heat has been ^ven after leaving the water, and its temperature is 
therefore higher than is represented by its elastic force. If from ordinary 
steam any part of the heat be abstracted, a portion of the steam must be 
condensed, but some of the heat may be abstracted from surcharged steam 
without occasioning condensation, and it is therefore spoken of as over- 
charged with heat, or in other words possessed of more heat than is requi- 
site for maintaining the vaporous form. Much difference of opinion exists 
as to whether the use of surcharged steam in steam engines is beneficial. 
The principle we have just mentioned appears to fkvour the notion that it 
is, bat the general impression among engineers is, that the use of surcharged 
steam is at t end ed with no advantage. We cannot say we concur in this 
bdief i and aa some vindication of our nonconformity, we shall here give 






fh>m the Artizan some compatations which fhvonr the impreaion that 
surcharffed steam is productive of an economy in fhel : — 

(1.) when air is heated it expands, and the increments of volume are 
proportional to the increments of temperature. Every increment of 1^ in 
temperature produces an increase in volume of ^Jgth part of the bulk of the 
air at 32^. This rule has been found to apply to steam out of contact with 
water. 

(2.) The specific heat of steam out of contact with water is in this case 
supposed to be inversely as its specific gravity. The specific heat of steam 
at2l2<'«-847. 

From these data we may determine the amount of the saving by using 
the steam surcharged with heat after leaving the boiler. The subject may 
be investigated as follows ; and we may suppose the temperature of the 
steam to be 212^ : 

Let ('a* temperature to which the steam is raised out of contact with 

water. 
Let saimean specific heat of the steam between the temperatures 212^ 

andt'. 
Let v-ithe volume of steam at the temperature f', the volume at 212^ 

being 100. 
Let xathe volume of the same weight of steam at 32^, supposing that it 

could be cooled to 32^ without condensing. 
Let Asiheat required to raise 100 volumes of steam from 212^ to t\ 
Let 61- weight of water in 100 volumes of steam at 212^. 
Let c»heat required to raise the temperature of a quantity of water (B6), 

1 degree. 
Let V^heat required to generate, fh>m water at 60^, a quantity of steam 

equal in volume to p— 100. 

From (1) we have jt +x x ^(212— 82)— 100 ; or, since^-a -002083' 

x + Jr X -002083 x 180-100 /.x (1 +'37494) a 100. 

100 
•'•'■" 1-37494- 

From (1) also we get v» 100 + xx -002083 (C-212), which by snbeti- 
tating the value of jt previously found becomes 

•2083(<'-212) 



»s-100 + 



-37494 



Since the specific heat of steam at 212^ is -847, and since we have sop- 
posed it to vaJ7 inversely as the specific gravity 100 : o : : *847 : specific 



heat at the temperature C, which is therefore .qq 

•847 w 



; hence we have 



■if 



100 



+ -847 



)■■ 



Or, substituting the value of p. 



^ 001764 (<'-212) 
847 + ,.0^.^. + '847 



•847 + 



1-37494 
000882 (<' -212) 



) 



1-37494 
Bnt h^(Jf^%\2^), s, c, which, by substituting the value of s, becomes 

L fo.^/./ «,«x 000882 (C- 21 2)«1 
A«(-847(C-212) + 1.87494 j'^' 

Now the addition to the volume of steam produced by heating it from 

•2083(^-212) , ^ 
212° to <'=»- 100= 1 '37494 — » *"*^ "^^ water m an equal volume 

may be found by this proportion. 

•2083(<'-212) -002083 (<'-2m .6 
100 : 6 :: 1737494— : 1.37494 ^^^ig^t of water 

in a quantity of steam whose volume is at 212° v— 100. Hence, supposing 
the latent heat of steam to be 1000°, we have 

, , 002083 (i' -212) 2-3954 (r-212) .c 
A-(1000+150).c. rmi^. 1-37494 ' 

Now, since A = heat required to produce an additional volume of steam 
equal to v— 100 by heating the steam out of contact with water, and since 
hf equals the heat required to make the same addition to the volume of the 
steam by generating it from water, it follows that the saving of heat by 
using the former method is hf—h, 

2-3954 (<'-212) .c f ^,, , -000682 («'- 212)" i 
r37494-^- {•S*^ (^-212)+ 1.37^9, ^ j-c, 

which, reduced, 

^ 1-2308 (f^- 21 2) - 000882 (<-212)'.c 

1-37494 

The weight of water in steam equal in volume to o at 212° is evidently 

b, ^QQt consequently the heat required to generate from water steam equal 

B 



in Tolimie tap,'u b -j^ — r— c, whkh, bf labKitntiiig the Tiltie of b, 
isoo^i + i-sjiai—je, 

vhicb, being reduced, giree the whole he*t required to twm ttetm eqttil in 
ralome to o ttom water 

-isBi-iei + a-39M <f-aia) 

1-37494 ■"■ 

ConaeqaeDllj by this fbnnnla the he«t ured ia eiprened in ptrti of the 
whole hiwt med in geoertting neam in tlie dsu&I waj, 

,., . 1-37494 1 , ... 

■ - bj lubstinition becomei 



19SI-iei -t^ S'3954 (f — sia) 

If the iteun be lieated to 600°, thenf-GOO", lod the fbnnnla in inch 
CMC giTei the nring equal to y^ of the heat used, or fnel ooniomed in 
the rommoD way. In a tiinilu' nuumer the MTiiig may euil; be ealcolated 
toi any other nine of/. 

The preceding inreatigation is Ibnnded on the anertion that the apecifle 
heat varies inTendy ai the temperature ; and snppoeing snch to be the caw, 
the laving reaolting from heating the iteam to 600° eAer leaving the boiler 
would be aboDt Jth of the whole fuel med. I iball next gappoee that the 
•pectfic beat doet not vary with the temperatnie, bat that during eipuuion 
a certain qnaotity of heat l>ecoaiee latent, in wtiich case the mm of the 
aenaible and latent heata abiorbed by the ateam alter leaving the boiler 
(tU preeaore being the uune), moliiplied b^ the specific heat, will give the 
actoal quantity of heat added to the ateam in very aimpte terma^ 

From nnmerooa experiment* by Lealie and Dalton, on the heat or cold 
produced by tJr dnring, compreaiion or expanuon, Mr. Leslie hai dednoed 
the following very aimple formola: — 

IfSdenote thedeuvtjof tfaeair,tbeo4Jl li-— BJwill denote the nau- 
bee of degreea of cold produced when the air ia rarefied to nnitj, or it will 
represent the heat that reqairea to be added ao as to keep the temperatnre 
unchanged daring eipaniion. The latent heat of neam ia aboat 1000°, 



Ie«Tinp the water at the temperature of 313° ia heated (o 600°, and at the 
MmettmetbatitapreHarereinaiDaDiialtered. Attheepecificheati^ateun,*! 
detennined by the most accnnte eiperimente, ii -847. that of water being 
1-000^ the Bcceauon of heat neceasary to raise ateam fl«m S1S° to S00° 
woold be 33S° if there were no eipaoaion or alteration of T<dome ; 

for 1 : 3SS : : -847 : sas. 
SnppOiiog the steam to be allowed to expand as the law of expanuon L 
^ part of its bulk at 3S° for each degree of temperature (See Thomaoi 



MB + eooIiwa}*" '• io*8::ioo ; 158-8 or ia». 
'Hie dennty of the ateam when w ciptnded will be 
jgc;B-629; therefore 49(.g^--6!9l -thehett Bbw>rbed by wr daring 
its ezpi^on fhnu 100 to IS9 volomee, 

-SG-OSSOIS degrees. 

Aa the specific beat of neam, however, tg greater than that of air, the beat 
necessary to muDlain the temperature of steam during its exptnaion from 
100 lo 1S9 volumes will be 82°. For -2669 ; 26 : : -847 : 83» ; there- 
fore the total heat required to convert 100 Tolomee of steam into 199 
volumes is llsa'' + a2B'' +a2''-lS62°, the presture of the steun being 
supposed to be unaltered. 

To rniee 199 Tdnmes of steam In the common way woold require 
1831-68°. ForlOO : 1I9S::159 : 183169»i *hereror9l831<8-l96S- 
270°— the saving resulting from the expandon of the steam by beat after 

it has been generated, 1S3S4-970— g:=- of the whole fhel »ed, instead of 
^, It determined by the previouf fnethfMl 

Expimmm. -~ We have already, at page IS., given some explanation of 
the principle of working an engine expansively, by which method we 
showed ■ Urge economy of fliel may be lealiaed ; and at page 25. we have 
given a table of hyperbolic or Kaperian logarithms, for the pnipose of 
faci li t a t i n g compntations upon this snlject. 

Let the preanire of the steam in the boiler be expressed by nnitj, and let 
X icpreaent the spaoe through which the pUton has moved whilst urged by 

the expanding tteam. Hie density will then be r—— and assuming thu the 
densities and elaitieitiet are ^oportionate.p— viU be the differential at 
the efflciency, and the efflcieney itself will be the btegral of llus, or, in 
other words, the Neperian logarithm of the denominator -, wherefore tha 
eSeieney (tf the whole stroke will be 1-t-Ifep. log. (l-t-c) 

Snppoonglhe pt«sanre of the atmoaphere to be IS lbs., 19 + 39— SO Iba, 
and if the steam be cnt oCFat )of tbcatroke, it will be expanded into fbur 
times its orinoal volume ) so that at the lemunation of the stroke ila 
pressure wlU be 50+4 - 13-2 Iba^ or S-81ba, lew than the atmotphcrio 

"When the ateamis cot off at onefonrth,it iieridentthat X— 3. In tneli 
case the efficiency it 

1 + Hep. tog. (1 + 3), or 1 + Hep. log. 4. 

The Heperian logarithm of 4 is l-98G2Bt, so that the effleienoy of the 
steam becomes 2-386394 ; tliat is, by cutting off the ateani at i, nore th»f 
twice the effect is produced with Uie fame eonanmption of fiicl i in other 
words, me half of the ftiel ia saved. 



FiiraUel Motiott, 



CHAPTER IV. 



FABAIXEL MOTION. 



Tbb bmi* of panllel motioa which have beeo nied are lo Tuioni, tlut 
*e ilull not UUmpt (o eDumerate the whole. In whsl tallowi, howeter, 
w« ihall treat of tha«e v«ini«s that ha^e been moat eonuaonl; adopted in 
land or mariue engine! ; ud in doing lo, it will be oar object both to eipUin 
their principles of action, and give practical mlea for calculating the Inigthl 
of the Tariom parts in every uugnable cue. 

LI of parallel motion &U we ihaU diiCDU are four in nomber ; 
~j) land engines, and repreaeated in y^. 3 ; die othen naed for 

figt. *, S, 6. It will be found that all 

theae different arrsngement) act on the aanie fdndamental principle -, aod 
Aereforc, before going &rther, we ihall proceed to explain it Let G C 
aad H F be two leren moving round eentrei at C and H, and coDoected 
together bj the rod or link G F. We sball loppose that G C represenla the 



It mut be horiioDtaL or parallel to G G. In the present case we shall 
nppoM it to beeqnal to G C in length. IT the beam be made to tnm on 
itt ««ntr«, ao aa to came O to nuiie towards G', the point E in the middle 
of the link F will mOTe upwards nearl; in a pei^ndicalar line R' S', 
bisecting the Ternne D K. This will be evident from the following con- 
aidermdimi: — As the point G reTolvei in the circle G C, the point F 
nrolna with nearlj equal rapidity in the eqoal circle F P. Both points, it 
is erident, will, when the motion commences, approach nearer the line B'S' ; 
■nd since the circles F F* and G G' are of equal radius, and the area 
deKribed are nearly equal, the p<unt F wiH more towards the line R' S' 
at the aame rate at the point G. Both points will eron that line at the 
aame time, and both will retpectively reach F and O' limultaneousl;. 
P L will eridently be equal to G' K. Now, if the point* F and G are 
■htkya on opposite sides of the line R' S', and at the aame distance &om 



a to the peqiendicolar, did not alter the perpecdicular distance 
unwccn ihe pmnti F and G. This, however, it does ; and as the points G 
and F asceiid the hnk, G F gets more nearlj perpendicnlar ; thus increasing 
the perpendicular distance between G and F ; in conseqaence of which, at 
the point where F crosses the perpendicnlar R' S, it has not described 

Siite so large an arc as the point G ; or, when F is erossbg R' S*. the point 
is still at a small distance from it. This renders the mo^on of the point 
E not perfectly coincident with the perpendicalsr line ; but the shortening 
of the perpendicnlar distance l>et«een Q and F, by Ihe vibration of the 
Imk G F, when the length of the link is considerable, and the stroke of 
the beam not greater, in proportion to its length, than usually obtains in 
■learn taf^att, a so exceedingly small aa to be onworthy of the slightest 
conbderation in practice. At either end of the stroke the link G F will 
have the same inclination a« at half stroke, and Ihe point E will therefore 
be exactly in Ihe perpendicnlar line R' S/, at both th^ points. Its motion 
will be repmented by the curved line R' O S'.^j 7, cutting the perpendicnlar 
■t R', O, and S', and deviating from it by an almost imperceptible qnantity 
■t X and W. From the &ct, however, of a deviation being caused by Ihe 
vibration of Ihe link G F. we may infer the propriety of making that 

__j — ■..-! lutiou to be 

II half stroke 
tkat the line R' S' shall bisect both their verstnes F L and D K. By this 
Deans the link O F vibrates equally on bolh sides of the perpendicular, 
and, ccmseqaently, never deviates fWm it so much as if it were lo vibrate 
in one direction daring the motion of G lo G'. It is not always con- 
venient to have the radius bar H F of the same length as the beam G C ; 
it is sometiinea longer, and sometimea shorter. In ^. 3 it is represented 
coe half the length of G C In this case. H F being shorter in [n^portion 
to the arc F' F F , which it describes, the versine F L is of course greater 
Oaa in Ihe former case. The lever should still be so placed, however, 
that the line R' S" biseols its versine L F. Owing to the inequality of the 
Tctuies L F and G K, the middle point of the length G F can no longer 
■ova in tho line S' S* ) but there is s point El, nearer the end of the link G, 
ttat doc* move neariy in this line. This ptunt is so situated, that G E : 
" " For, within the limit* ntoally assigned to the arcs de- 



,FB:OC. 



scribed by engine-be«nu,* the verones are nearly in the inverse ratio of the 
radii; that is to say, Ters.L Fivers. D K : : G C i H F. Now the vibration* 
of the points F and G on each side of the line R' S' are equal to half the 
versed sines of the arcs described b/ these points respectively ; that is, to 
P/and O ff. Keace, F /; G o : : G C : H P, and by similar triangles 
F/:G5::FE:GE; hence, F E : G E : i G C; H P. 

As tMs proportian holds true at any part of the stroke, it proves that the 
point E, which divides the link in this proportion, moves in the perpendicular 
Une R S*. When, therefore, the lengths of the levers are given, it is easy to 
find the point E i but in practice it generally happen* (as will be shown sub- 
sequently) that the pcdnt E is fixed : and we have 10 find H F. This will be 

doaefl«mthlspnipoTtion,FE:EO::OC:HF-2.^l|^ (A). 

This proportion is founded on Ihe annmptian that the versed sines of the 
beam and radios bar are inversely as the tadiL This, though nearly true, is 
not exactly so. The versed sines of the smaller ndii increase in a greater 
proportion than Ihe inverse ratio of the radii The consequence of this is. 
that the point E in the link G F will be moved too much lowird H, and 
will deviate ttvm iht perpendicular in that direction at each end of the 
stroke. In small engines, and when H F is nearly equal to G C, this devi- 
ation will be ao small as scarcely to be worthy of notice ; but in large en- 
S'ues, end when there is a considerable difference between the lengths of 
e raffias rod and beam, il will be of some consequence- From what has 
already been said, il will be observed that Ihe deviation is all on one ode of 
the perpendicnlar ; so that the curve described by the point E will be of the 
shape shown in^ S. By making a small addition lo the length of the 
radim bar, we can make ibc deviation take place equally on each side ik 
the perpendicular. We can add so much to its length as to make the 
point E move towards U too slowly at half stroke ; or, in other worda, de- 
viate towards C till the beam has got about quarter stroke from the hori- 
xonlal position, when Ihe point E will cross the perpendicnlar, and deviate 
to an equal amount towards H. The curve described by E will then be of 
the shape shown in^. 9, where the deviations at s<, n, o, p. are all eqnsl, 
and only half the deviation at r and t in Ihe last figure. -f To facilitate tho 
making of this correction in the length of the radius bar, we give the fbl- 
lowing table of the amounts to be added to its len«h for the viriout pnv 
portions that may obtain between it and the beam C Q. It is to be observed 
too, that when the radius bar H F is longer than the beam O C, these 
•monnts are to be lablraettd from its length. 

TABLE (A.) 
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Baralkl Motion. 



It irill be olMerved that the greater the difference between the lengths of 
the radios bar and beam, the greater is the amount of the correction to be 
made. As an example of the nse of the table, suppose we hsTe the 
length of the beam C G ^ 38 inches, and that the radios bar has been 
foondb J proportion (A) to be 15} inches ; I5|-r38 is nearly '4 : we shall there- 
fore get fbr the corrected length of the radios bar 15^ + *0817 x 38 
» 16*76 mehes. The application of this correction to the length of the 
radios bar, will in all cases diminish the amoont of the deviation from the 
perpendioiUar by one half; bot it shoold be borne in mind that the 
parallel motion will work most accurately when the radios bar and 
beam C O are of the same lengUi ; and they shoold therefore be kept as 
nearly e<}oal as circomstances will permit 

The simple arrangement of two levers connected by a link, which we 
have now described, is sometimes osed as a parallel motion ; bot additional 
rods and connecting links are generally soperadded, which render the 
application of the principle more convenient in practice. Fig. 3. represents 
the parallel motion in most general ose for land engines ; and fig. 4. a 
similar one adapted for marine side-lever engines. The general arrange- 
ment in both of these is the same, except Uiat the marine engine motion 
has the reverse side oppermost We have marked all the corresponding 
parts in the two figores with the same letters, so that what we have to say 
of the one will refer eqoally to the other. In land engines, the radios bar 
H F is generally either ec^oal to or longer than G C, the part of the beam 
which works it} while, m the marine engine motion, the radios bar is 
osoally shorter than the part of the beam £at gives it motion. This dif- 
ference is shown in the figores. Referring now to figs. 3 and 4., we shall 
explain the method of applying the principles we have already described to 
the calcolation of the proportions of the several parts. DC is the beam or 
side lever moving on the centre C ; H F, the radios bar moving on the 
centre H, and connected with the beam by the rod F G. D P is another 
rod equal in length to G F ; and P F is a rod eqoal in length to D G. The 
three rods, therefore, D P, P F, and F G, with the part D G of the beam, 
fbrm a parallelogram ; and the piston-rod is attached to the point P, which, 
at half stroke, is in the perpendicolar line R S, bisecting the versed sine 
D K. When the engine is pot in motion, this point P will move nearly in 
the perpendicolar line R S. For, soppose the beam to be moved opwards 
into itte position IV C, the point will then be in the position P', and the positions 
of the varioos other points are denoted by corresponding accented letters. 
Join C P and C P', and also £ EX, and we will have, by similar triangles, 
PE:EC:: DG:GC :: D'G'-.G'Cand FF:E'C :: lyG.G'C; 
hence, PE:EC ::FF:E'C. 

Therefore (Eoclid vl 2.) P F is parallel to EE'. Let the length of 

G C -i-E G 
F U be made soch, that H Fa!l-i3.^^-!i-, and by eqoation A, the point E 

F E 

will move in a perpendicolar line ; bot P F having been proved to be 
parallel to the line E E' in which E moves, the point P most also move in 
a perpendicolar line. Again, referring to eqoation (A), we have 

EF:EG :: GC : HF, bot by similar triangles 
EF:EG :: FP:GC :: DG:GC 

G €• 
hence, DG:GC::GC:HF-0-^ . . . • (B). 

This equation will give us the length of the radius bar H F, when the 
length of C G is determined. In land engines the air pump is generally 
wrought from the point E, and the centre G is fixed so as to be most con- 
venient for that purpose. Formula (B), is therefore very useftd for de- 
termining the proper length of the radius rod in such cases. In marine 
engines, however, the position of the centre H of the radius bar is generally 
fixed from other considerations, and it becomes necessary to find at what 
point the centre G should be placed, so as to make P move in a perpen- 
dicular line. 

To enable us to determine this. 
Let HF + GC»aathe horisontal distance of the centre * H, from the 
main centre, plus half the versed sine of the arc, described by the ex- 
tremity D of the beam 

DG + GC, orDC-ft 
then, GC»a-HF.*.DG-.i+HF-a 



hence, (B) 



nv (a-HFy o»+ HF»-2a.HF 
• " * ' 6 + HF-a " 6* + HF-a 
.•.HP + HF(6-a)-a» + HP-2a.HF 



■inet onlj when ( vert f Is indefinitelj tmall In compariton wtth r: and thtt, bj any IncreaM 
of the rersed sine (| $* being always constant), the radius diminishes in a less ratio than the 
rersed sine inrreaiet, and vice versa. Of course the converse of this is true also ; that, if 
the radius be diminished, the versed sine increases in a greater ratio, and vice versa. 

When the beam is just leaving the horisontal position, the versed sine is 4ndefinitely 
•mall in comparison of the radius ; and therefore, at this point, the versed sine of the beaaa 
and radius bar will be inversely as the radii ; and H F, as determined by equation (A), will 
be correct for this part of the stroke. At either end of the stroke, however, it ougnt to t»e 

, ^ verse d sine D K G C „ ,^ ^ . . ^. ^. , ' ~ 

equal to — ^^i^dTHieTE — * ®^* ** cannot have both these values, the nearett 

approach to accuracv we can make is. to make its length intermediate between thcM two. 
The corrections in the Table are computed on this principle. 

* If a perpendicular H M be let fall from H on D C, M C will be the horisontal distance 
of the centre II, from the main centre : and since F G is parallel to P D, it is evident that 
F U-l-G CsasM C-f D N. 



.-.HF 



64-a 



or HF (GI±Gcy_ 

^''^^■"<rF + GC + DC 



(C) 



This equation will give us the length of H F ; and to get G C, we htrs 
GG-a-HF (C) 

These three equations therefore, (B), (C), and (C) enable ns to cal- 
culate the proportions of this form of parallel motion in all circumstanoea. 

In fig*. 5 and 6, two other forms of parallel motion in conmion nse Ibr 
marine engines are represented. In fig. 5. the radius bar, instead of being 
connected as formerly to the crosshead, is connected by tiie rod F Q to the 
side rodbyapinatQ. FQis made equal, and parallel to G D ; and F O 
equal, and parallel to Q D. In ^. 6. the centre H of the radius bar is 
placed much fiirther from the main centre. It may be on either side of • 
the piston rod, as is found most convenient In this motion, too, the end P 
of the radius bar is connected by a pin to the upright rod G V. The rod 
G V is made equal and parallel to the side rod D P, and the rod P V is 
made equal and parallel to D G. 

To enable us to investigate the method of calculating the lengths of the 
parts in these motions, jom as before C P, and C F, and from the point T 
where C P cuts F Q in.%. 5. or HF in^^. 6. draw T T' parallel to D P. 
These lines being drawn in both figures, the following investigation will 
apply to either : — 

LetDC-6-CG + GT' + T'D 
PQ«« 
FH 
PD 



r 



GG + FH» 



the horisontal distance of H from the main 



centre+ (§ vendne arc D' D D" x 

It may be proved in the same way, as tor fig. 4. that the point P moves 
in a line parallel to that described by the point E, so that the inquiry re- 
solves itself as before into an investigation of the relative lengths of C G, 
and F H, that will cause the point E to move in a perpendicultf line. I^et 
ns suppose, first, that the height of the centre H of the radius bar, and 
consequently the height also of the pin Q, is fixed, and that the point G, or 
the length of C G, is .also determined. It is required to find from these 
data the proper length of H F. By equation (A) we have 
GG:FH:: FE: EG, but by similar triangles F T: GC :: FE: EG; 

G C? OC? 
hence, TF:GC::CG:FH. 



TF T'G 
but, T'G»CT'-CG, and by similar triangles 

DP 

b (#-0 



qjy::jyC:CT^^^JJ^ 



ft(j,c)-»»CG 

s 



hence, T' G» ' ^" "^ - C G- 

""^^^-MtSfT^ . . . . (D) 

Again, if the length of GC is not given, but the positions of the 
centre H, and the pin Q are fixed, let it be required to find the lengths of 
H F and G C. We shall have the same as above 



or r 



T'G"T'C-a+r 



T'C-a + r 
r (T' C-a + r)-a" + r«-2 a« 
.•.r(T'C + a)-a» 



• •' T'C + a 
But it was shown above that T' C--—^^ hence 

''•a« + 6(«-c) • • • • (E). 
This equation will give the length of H F, and to get G C we have 

GC»a-r .... (E') 

Again, supple that the lengths of the levera H F and C G, and conse- 
quently the horizontal distance of the centre H frx)m the main centre are 
given. Let it be required to find the height of the centre H and point Q 

From equation E we get 



at ' r + b(s~-c) • ra.a'# 
asr + brM'^brc 
brc'^aMr + brt'-a* 9 



» 
■ • 



a*s 



«>c 



• 4 verviiM of arc D* D D"x-— • is the excess of the distance of the point D, firam the 

line R S, over the distance of the point Q flrom the same line. Comparinf this with tto 
last note, the correctness of the viiue given above to a will be evident 
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^- 5;^ — r? — 



or, ct 



br 



dM 



(F.) 



It may be obferred that, if c in formulas (D) and (EX ia taken equal to 
nothing thej beeome the tame as fommlaa (B) and (C). 

Haung now inveatigated fonnnlaa fbr calcnlating the proportions of all 
the parallel motions we proposed to examine, we shall conclude hj col- 
lecting these fonnolas together for the greater convenience of reference, 
and subjoin practical rules deduced fhmi them fbr the use of those who 
prefer rules to algebraic formulas. 

The sum of $he lengths of the radius 
bar, and the part of the beam (C 6) 

which works it. - - - ■* a « Horizontal distance of the 

centre of the radius bar (H) 
from the main centre, plus 
* half the versed sine of the 

arc described by extremity 
of the beam (D) 



Radius of nde lever or engine beam, 
(DC) -6 

Length of radius bar - (HF) — r 

Length of side rod - (PD) -« 

Pert Of side rod abcve the centre of 
radius bar - - (PQ) -c 

Part of connecting link intercepted 
between the beam and the point E 
(GE) . . . - • . "^ 

The remaining part of the connecting 
link - - - (FE) «// 

Length of that part of the beam that 
works the radius bar (GO) ^r* 



Figt, 1 and S ... (A) 




Fig. 1. 





BIS 



Fig.9. 
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ParaUd MoHon. 
Jil^Sandi • • . (B) 



b^H • • • 

'-TTT- • • • 
r'^a-r Fi^. 3aiid4 ... (C) 



J!^ 3 and 4 . . • (G) 



a* « 

*''"a#+6(j-(c) 



J^. 5 and 6. 



(D) 



Ore 




F^. 5 and 6 (E) 

J!^5and6 . ... (iX) 

JF)^«. 5 and 6 • . . . (F) 



Fig. 4. 




BvLE I. — /ft 8vch a eombinaiion of two leven <u is repruenUd m Fig$, 
1 and 2, to^Eiuf (he length o/radiua bar required for any mven length of 
lever C O, and proportion of parts of the Itnk, GE and FE^ aoasto vuJe 
the point E move in a perpendicular line, 

Multiplj the length of G C by the length of the segment G E, and 
divide the product by the length of the segment F £. The quotient is 
the length of the nidins bar. 

Rule II. — (Fia, 2.) The length of the radius bar and ofCG being given, to 
find the length of the segment (FE) of the link next the radius bar. 

Multiply the length of C G by the length of the link G F, and divide the 
product by the sum of the lengths of the radius bar and of C G. The 
quotient is the length required. 

Rule III.— (Figs. 3 and 4.) To find the length qf the radius bar (FS^ 
the kngth of C G being given. 

Square the length of C G, and divide it by the length of DG. The 
quotient is the len^ required. 

Rule iy.~(Fi^.3 and 4.) To find the length of the radius bar, the 
horizontal distance of its centre {H)from the main centre being given. 

To this given horizontal distance, add half the versed sine (D N), of the 
arc described by the end of beam (D). Square this sum. Take the same 

• In fonuolu (E) (E') and (F) a ii to be taken equal to the borikontal distance of H 

from Uie main centre, + ^ 4 ren. arc D' D D")( —^ V In formoU (F) the Talae of-^^ 

cannot be accurately ascertained till the Talue of e hat been calculated ; but it can easily 
be taken by approximatioD, with sulBcient exactness for the practical appUcaUfm of the 
formula. 



sum, and add to it the length of the beam (C D). Divide the square pre* 
viously found by this last sum, and the quotient is the length sought 



Rule Y.— ^Figs. 5 and 6.) To find ^ length of the radius bar, CG and 
P Q being given. 

Square G G, and multiply the square by the length of the side rod (P D) : 
call this product A. Multiply Q D by the length of the side lever (C Dy 
From this product subtract the product of D P into G G, and divide A by 
the remainder. The quotient is the length required. 

Fig.5. 




71f.«. 
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RoLi VL— (Fi^. 5 and 6.) To find dke latgA of Oe radtus bar;PQ, 
and the horizontal distcutce of the centre H of me radiue bar from the 
main centre being given. 

To the givea horizontal distance, add half the versed sine* (D N) of the 
arc described by^ the extremity (D) of the side lever. Square this sum and 
multiply the square by the length of the side rod (P D). Call this product 
A. Take the same horizontal distance as before added to the same half 
versed sine (D N), and multiply the sum by the length of the side rod (P D) : 
to the pnxiuct add the product of the length of the side lever C D into the 
length of Q D, and divide A by the sum. The quotient will be the length 
required. 

When the centre H of the radius has its position determined, rules 
4 and 6 will always give the length of the radius bar F H. To get the 
length of C G, it will only be necessary to draw through the point F a line 
parallel to the side rod D P, and the point where that line cuts D C will be 
the position of the pin G. 

In using these formulas and rules, the dimensions must all be taken in 
the same measure ; that is, either all in feet, or ail in inches ; and when 
great accuracy is required the corrections given in Table (A) must be 
added to or subtracted from the calculated length of the radius bar, 
according as it is less or greater than the length of C G, the part of the 
beam that works it. 

Examples. 

1. Rule 4.— Let the horizontal distance (M C) of the centre (H) of the 
radius bar from the main centre be equal to 51 inches ; the half versed sine 
D NsS inches, and D C«* 126 inches. Then by the rule we will have 

(51+3)« (54)« 2916 ,-.«., 
6l-tr3Tl26* rSO— 180 "^^2 *°^^^ 

which is the required length of the radius bar (F H). 

2. Rule 5. — The following dimensions are those of the Red Rover 
Steamer: CG^32 DP«r94 QD»74 C D»65 PQ«20 

By the rule we have, A -=(32)" x 94^96256 and 

96256 96256 ^^ 

74x65-94x32" 1802 *' 

which is the required length of the radius bar. 

3. Rule 6. — Take the same data as in the last example, only supposing 
that C G is not given, and that the centre H is fixed at a horizontal dis- 
tance fh>m the main centre, equal to 83'5 inches. Then the half versed 
sine of the arc D^ D D^' will be about 2 inches, and we will have by the 
rule 

Ab (83*5 + 2)* X 94*705963*5 and 

A 705963-5 . ^ 

85*5x94^65 -774* ^2Si^^^'^ "^^'^«"' 

the required length of the radius bar in this case. 

C G 

In both of the last two examples |j^ m *6 nearly. The correction found 

by Table (A), therefore, would be 54 x *027 » l '458 inches, which must be 
subtracted from the lengths already found for the radius bar, because it is 
bnger than C G. The corrected lengths will therefore be , 

in example 2 .... F Hn 51.94 inches, 
in example 3 .... F II » 53*34 
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PBOPOmTIONS OF THE DIFFERENT PARTS OF A STEAM ENGINE. 

In constructing the different parts of a steam engine, and indeed of any 
other machine, it is desirable that they should be as light as is consistent 
with a due provision for safety, and with a due provision against the risk 
of accidents. The heaviness of the different parts brings along with it 
a corresponding amount of friction, and a corresponding amount of inertia, 
both of which must be overcome by the motive power before the machi- 
nerv can be set in motion, and consequently before any useful effect can be 
denved from it It is obvious, therefore, that the weight of the different 
parts of the engine is, to a certain extent, an evil, which can only be tole- 
rated because it is the necessary concomitant of their strength, and conse- 
quently of a due provision against the risk of accidents. It is therefore 
desirable to reduce this evil as far as is consistent with that due provision 
which we have mentioned. We would not be understood to infer from 
these remarks, that the different parts of the steam engine should be con- 
structed just of sufficient strength to resist the strains to which they, are 
subjected. If this were to be the constant aim of an engineer who is con- 
versant with the laws which govern the resistances of beams, we have no 
doubt but that the sarcastic remark, " the stability of the engine is inversely 
proportional to the theoretical skill of the engineer,*' would often be made. 
What we would be understood to infer is, that the strength of the different 
parts of the engine ought to be proportioned to the strains to which they 
are subjected. If one part of the engine be occasionally exposed to a strain 
doable that of some other part, then it ought to have double the strength ; if 

* If great accuracy U required, in place of D N in thii rule take D N multiplied bf D Q 
and divided by PQ. ^ ^ f f / '• 



triple, triple ; if quadruple, quadruple ; &e. If we suppose the former pert 
to have only ] the strength of the latter, then, on^e supposition that it is 
subjected to a double force, ( of the strength of the latter is useless, at least 
in so far as regards exposure to accidents ; on the supposition that it is 
subjected to a triple force, | of the strength of the latter is useless ; on the 
supposition that it is subjected to a quadruple force, | of the strength of the 
latter is useless : and generally, on the supposition that it is subjected to a 

2 m 3 

force m times as great, «. ^ of the strength of the latter is useless. 

£ m 

These are obvious ; for, on the first supposition, the former would break 
when only } of the strength of the latter was required, leaving the remain- 
ing ]th useless ; on the second supposition, the former would break when 
only { or 4 of tiie strength was exerted, leaving 1 - J or | useless ; on the 
third supposition, the former would break when only j of the strength of 
the latter was exerted, leaving 1 -| or { useless; and on the general sup- 
position, the former would break when only ^-^ of the strength of the latter 

was exerted ; leaving 1 -j;^ or ^^m * "^^^'^ would never be called into 

exercise. This superabundant strength is not merely useless ; it is posi- 
tively prejudicial, inasmuch as it brings along with it additional expense, 
and, what is more serious, an unnecessary and prejudicial weight We 
tlierefore proceed to investigate the proper strength for some of the prin- 
cipal parts of the engine. The investigation will depend upon those laws 
which regulate the resistances of beams to fracture, to compression, to ten- 
sion, to torsion, &c These laws, we may observe, are derived from theory, 
and abundantly confirmed by experiment, so that we have no doubt with 
respect to them. In their application, however, a difficulty occurs in deter- 
mining the proper values of the constants, which vary for different mate- 
rials or even for different qualities of the same material, and which can 
only be determined by numerous experiments. It is obvious, also, that the 
proper strength of the different parts depends principally upon the pressure 
exerted in the cylinder upon the piston ; and this depends upon the dia- 
meter of the cylinder and the pressure of the steam in the boiler, or rather 
the greatest power which it may acquire before escaping at the safety 
valve. The proper strength of some of the parts also depends upon the 
length of the stroke ; as, for example, in a marine engine, the diameter of 
the paddle shaft journal, and the exterior diameter of the lar^ eye of the 
crank, &c. We may remark, that the parts of marine engmes ought in 
general to possess a greater strength, since accidents with them are more 
serious and more difficult to repair. 

Before proceeding farther, it may be necessary to give a few general 
propositions upon the resistances of solid materials to different sorts of 
strains. 

A piece of solid matter may be exposed to four different kinds of strains, 
which are different in the manner of their operation. 

L It may be acted upon by a tensile force, which tends to poll it 
asunder ; as, for example, in the case of ropes, stretchers, king-posts, tie- 
beams, &c. ; or, in a steam engine, the piston rod of a single-acting engine, 
the connecting rod, &c. 

11. It may be acted upon by a foroe which tends to break it across ; as 
in the case of a joist or lever of any kind ; and, in a steam engine, the 
crank, the main beam, &c. 

IIL It may be acted upon by a force which tends to wrench or twist it ; 
as in the case of the axis of some wheels, &c ; or, in a land engine, the 
shaft of the fly wheel ; or, in a marine engine, the paddle shaft. 

IV. It may be crushed, as in the case of pillars, posts, and truss beams ; 
and, in a steam engine, the piston rod when it is a double-acting engine, 
parallel motion rods, air pump and force pump rods, and the like. 

Each of these forces is resisted by the cohesion of the materia], differ- 
ently modified for the particular species of force. When they are increased 
to a certain extent the force of cohesion is so far overcome as to allow the 
material to take a new shape ; for example, when a beam is subjected to a 
considerable transverse force it is often observed to take a curvilinear 
form. If the applied force be not increased above a certain limit, then, 
immediately upon its removal, the beam resumes its former shape ; but if 
the applied force be greater than a certain limit, then, although it be 
removed, the beam does not resume its former shape, but takes permanently 
a shape different from its original one. The beam is then said to have 
taken a ** set ;" and it is remarkable that after a beam has once taken a 
set it cannot rebist so great a force as previously without undergoing per- 
manent derangement. These remarks are not confined to those materials 
of which beams are usually constructed — they are applicable to all sorts 
of material. If we take a quantity of clay, and form it into a rod, and 
apply to the rod a tensile force, then the tensile force will stretch the rod ; 
but if it be not greater than a certain limit, upon its removal the rod will 
resume its former length : if, however, it be greater than a certain limit, 
the rod will take a length diflerent from its original one. The same 
process may be renewed, and the rod will take up a series of sets, each set 
requiring a smaller force to cause permanent change than the previous 
one. The force of cohesion varies for different materials, and b constant 
for the same material ; or, we should rather say, it is constant for the 
same quality of the same material Its efficacy in resisting an applied 

8 
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fbrce depend! ^reuly npon the iliape of the body : thai, ■ beam of i 
certain aluipe will perhupa only reiiat a force one half that which another 
beam, of the aame material and of the lante quantity of material, faul of a 
diOeroDt ahapc, will resisL ICa efficacy also depeada upon the manner of 
applying the force ; that ia lo aay, whether it la applied oi a tensile force, 
or M a cnuhing force, or aa a breaking force, or as a tnialing force : thut, 
■ beam may resist a force of 30 cwt. when applied aa a tvnbiie force, and 
not be able to resist a force of I cwt, when applied aa a breaking force. 
We proceed to cocaider ahonly each of these forcet in aacceuioo. 

L Tentile Force. 
Thia ia the simplest of all slraios, and indeed the othera are only modifi- 
cationa of it. It ii therefore proper to consider il first, since this will be in 
a manaer introductory (c> the investigation of the others. We have pre- 
*ioualy remarked that it ia the cohesion uf the matvrJLds which resists the 
fbrcet. In the cose uf a tengiJe force, the force of cohesion is directly 
oppoaed lo it, with very little modification of its action by any particular 
circumstances. This renders tht investipution very easy. When a cylin- 
drical or priamatic body, such as the piston rod of a single acting steam 
engine, ia acted upon by a tensile force at one eilreniity, the body ia in a 
Stale of tension Itiroughoul all ita length. Il is easy to show that the leasioD 
is eqoal at all the points in the length i indi'ed (his follows us a consequence 
fh>m that equality of action and reaction which eiperimenl shows lo subsist 
whenever bodies act upon one another. Tbe firal plate or layer of matter 
at the extremity of the body is kept in equilibriu by two opposite forces — 
the tensile force tending to separate the layer from the body, and the 
force of cohesion, which connects the layer to ihg body. These forces 
are directly opposite ; and all experiment shows us that, before tno directly 
opposite forces can balance one another, ihi-y niiiM be equal Again, the 
aecond plate or lamcn i» kept in equilibriii by two forces — the cohesive 
force uniting the Srat and second lamina, and which we have just shown to 
be equal to the tensile force ; and the cohesive force uniting the aecond 
lamcn and the third. These forces moat in like manaer be eqoaL It is 
obvious that, by proceeding in thia manner, we may show uniiersallj that 
the part of the cohesive force which ia called into acdon in order to resist 
the tensile force at the extremity ia always exactly eqoal to the tensile 

Since all the parts are thus equally on the stretch, it follows that the 
•train in any tranaverae section is the same, as also in every point of that 
•ectioD. Hence the capability of a prismatic body to reslat tension is pro- 
portional to (he area of the minimum tranverae section. Ify denote the 
niaviimnm weight in pounds vhich bar of one square inch in section can 
bear without ondergoing perTnanent derangement, and A denote the area 
in square inches of a transverse section of another prismatic bar, or the 
are« in square inches of the minimum tiansverse section of a bar of any 
other shape; then the greatest weight which that bar can bear without 
rapture is /A. lbs. The number denoted by f, of course, differs for differ- 
ent materials. Il can only be found by experiment The only materials 
which we shall have occasion to consider, are cast iron, malleable iron, 
knd tempered steel ; and for each of these materials / has been determined 
with an accuracy aufBcicnt for our pnrpoae. It has been found that 

for cast iron /= 15,300 Ibg. 

for malleable iron /^IT.BOnlba. 

for tempered steel /=*5,000 lbs. 
It is the united force of cohesion immediately before the disunion of the 
first particles, or the force which connects two adjoining lamina together 
before the tensile force separates them, that we call Ihe atrtngtlt of me sec- 
tion. It ia also very properly called the abnJult itmglh, since it la eierled 
In its simplL-st form, and not modified by any relation to other circum- 
stances. We may remark, thai the different values we have giicn to / 
fbr the different metals onghl not to be regarded as perfectly accurate. 
They are deduced from experiment, and ought to be considered as no more 
than general values, or Ihe averagea of many particular trials. The irre- 
gularities are very great, since no substances are constant in their texture 
and firmnes<i. Metals are afTected in their tenacity by a thousand circum- 
iianeea, auch as their purity, the heat with which they were melted. Sic. 
In the application of these numbers all danger will be obviated by making 
the particular part subjected to strain a little greater than what theory 
would indicate. 



StrenglhM atid Straina, 



IL A Breaking Force ; 



a Force trjidmg lo break Ihe Body acrou. 



This is the most usual, and at Ihe same time the greatest, force lo which 
materials are sutg'ected. It la seldom, however, that il oecnra in a perfectly 
simple form. When a beam projecting horiionlstly from a wall has a 
force applied at its eilreraity, the beam is commonly broken near the wall, 
and the intermcdiiile part has in the mean time performed the function of 
• lever \ ao this is not a case of simple transv-erae fracture, but is compli- 
cated with the action of a lever. An example <if a bar sutgected to a 
airapic transverse IVaeture, occurs in Ihe pin which forms the joint of a 
pair of pincers or scisaon. As eases of this kind occur but mrcly in ma- 
chines, we shall not stay to examine them minutely, and may content our- 
selves with saying, that in this case the strength of the piece is proportional 
to the area of Ihe section. We proceed to the much more common and 
much more imponaul case where the agency of the lever inietveucs. 



Before commencing the theoretietd tareMigation of the itrmglh of beam* 
when opposed to a transverse strain, we may remark that ourknowledge of 

the manner in which the direct cohesion of the material is brought inlo 
action Is very imperfecL The celebrated Galileo, lo whom the physical 
sciences are so much indebted, was the first who connected this sul^ect with 
mathematical principles, and endeavoured to trace Ihe law of strength which 
different bodies possess, in proportion lo their length, breadth, depth, form, 
and position. lie arrived at the correct conclusion, that when a beam ia 
pulled in the direction of its length, its absolute cohesion is proportional 
to the area of the transverse section. When he proceeded to find Ihe efficacy 
of a beam in resisting a transverse strain, be immediately fell into mistakes. 
Indeed this iuvestiijation is much more difficult, since we do not see so 
clearly how the resisting threes exert themselves, nor in what degree. 
Galileo proceeded upon the hypothesis, thai If a beam were supported at its 
eitremittea, and loaded by a weight at the middle, that all Ihe librea of the 
beam would exert equal resistances to prevent t>acture, and that when these 
were overcome, the section would tend to torn about that bimndary of it in 
contact with the weighL Following out the conseqnencea of this theory, he 
arrived ultimately at Ihe following eoncloslon. When a beam is fixed 
solidly in a horizonlal position In a wall, or other immoveable moss, Ihe 
resistance of the integrant fibres is proportional to their sum multiplied into 
the distance of the centre of gravity of (he area of fraelure from (he lowest 
point. The results of this theory are certainly very simple ; but, unfbr- 
tunalely, the hypothesis is not conformable lo what takes place in nature. 
It assumes, for example, that the beam is perfectly Intiexlble, except at the 
point of fracture ; now we know that no beam is perfectly Inflexible. 
Again It assumes that the fibres are ineilensibic aud incompressible; 
whereas every experiment shows us that the fibres are bolh extendible and 
compressible. The theory of Galileo having these radical defects, It 
necessarily happened that when it was tested by practical experiments, the 
theoretical strength was found to differ widely from the actual atreugth. 
The first person who drew attention to these defects was Mariolte. The 
few htnta which he sug^led, in a work entitled '' Traitc du Houvemeut 
dea Eaux," atlracted Ihe allention of Leibniti, who propounded a new 
theory. The theory of Leihniti coincided with that of Galileo In so Ar as 
re^rda the axis about which the section would tnm ; both making that 
axis to paaa through the loweal point in the section of fracture when tte 
beam is supported at one end, and the highest when the beam is supported 
at both ends ; but it differed from it as regards the equal resistances of the 
fibres throughoutthe whole fracture. Leibuiti had frequently remarked that 
the mptore of a body, whatever it may be, is always preceded by a certain 
degree of deflection, from which he concluded that every body waa composed of 
extensible fibres ; and assuming the principle first laid down by Dr. Hooke, 
■wix., "ut Icnsio sic vis." he concluded that every fibre exerted a foree pro 
portionol to its quantity of eilensian, or, which la the same, propor- 
tionid to its distance from the line about which the beam vaa supposed 
to turn i but he still considered the fibres lo be incompressible, and conse- 
quently that the beam turned about its lowest point. This theory, although 
conformable to nature in some respects, is deficient in others. It, however, 
approximates much nearer lo the truth than the theory of Galileo. It is ■ 
remarkable coincidence, ihal although these two theories differ from one 
anolher, and from nature, in so far as regard) the real strength of beam* 
having a rectangular tranaverae section in resisting a iranvertc fbrce, they 
both lead to the same inference, vis., " that the law of resistance is as Ihe 
breadth multiplied by Ihe square of the depth," an inference which ho* 
been abundantly confirmed by experiment. James liemaaUl proposed a 
third theory. This philosopher observed, that at the instant * body is 
broken across by a Imnsverse strain, a part of the fibres is in a alaie of 
extension, and a part In a state of compression. It will be observed that 
the latter fact is a cireumstance which had never before been introduced 
Into the consideration of Ihe question. Bernoulli assumed that the beam 
had a tendency lo lum about a line entirely within the section which 
separated the extended fibres fhim the compressed fibres. This line ii 
generally called the neutral axis. The theory of Bernoulli prevails lo 
the present day. All the difficulty experienced upon the subject is to 
determine the exact position of the neolral axis. Having given this abort 
sketch of Ihe different theories proposed upon this subject, we proceed now 
to determine the rcsistanees which beams of different shapes offer to ■ 
cross strain. In the investigstbn we will assume as true the theory of 
Bernoullll. His theory carries Ihe air of truth, and its results are con- 
firmed by experiment 

Let the beam A A' IV D be supported upon a fulcrum at S In equtlibrio. 
Snppofie, for the present, that Ihe beam is acted upon by no other forces 
than W and W, which have produced their f^Il effect in deflecting the 
beam ) suppose also Ihe vertical section ut MS to be divided into an infinite 
number of filaments or fibres ; consider C to be the situation of one of the 
filaments in the upper pan of (he beam, and A A' a tangent to the curva- 
tore of the filamcnl at C : It is obvious that the forces lending lo separate 
the filament at C must be equal, and they mnst act in the tangent ; ao that 
the strain which produces rupture is obviously a tensile one. Again, B Aia 
the direction of the weighL Hence, fhim well-known alalical prmciples, we 
have AC : AB :. tensile force on filament at C ; its effect in sustaining the 
weight W. Denoting, for the present, the tensile force on filament at C by S, 



we have, effect of the filament in sustaining W^S 
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Now, according 
lower part of the b 
KNSM the filament 



the Iheorr of Bernoulli, the wriglit* tUI compreia the 
. m. Let c be B compreised filament, ha*iag the tame 
at C, and aitnated at the *ame diaiance from the lower 




:e that the filament at C ii front the upper iiiTface ; let alio a a' be 
1 tangent to the filament at c, and conseqnently parallel to the tangent 
A A' ; then, from well-known itatical principles, we haye a c : aB::reBisl- 
uce to compreuioQ at c : efiect of the filament in siutaining the weight W. 
, Now, it ia proved from experlmeot that portions of the same matter, of 
equal area, reaiat extension and compresiion with eqnal forcea. We iofer, 
Oerefore, that the effect of the filament at e in auatuning the weight W— 

aB 
B — . The effect of both the filamenU in nppcrtiDg the weight will 

dkcrefore be^S -j tc+ — [. Heoce, tiaee ACsac, and AB + aB~ 
An — C c, we have the effect of both the filament! in sapporting the weight 



.S 



AC* 



Aioi 



s aide of the beam mff^ k 



n and the other com- 



preifion, there will be s filament at some point of the depth which will 
neither be compressed nor extended. This filament ia what we have elae- 
wbere atyled the nentral aiia. The extension and compreasion of a fila- 
ment will obTioasly be at its distance from tbia neatral ails. Atauming 
die principle Dr. Hooke aoclearl; laid down."iittenaio siciia,"* law which 
raperiment conBrma, it foUowa that the stresa npon a filament ia propor- 
tiinial to iU distance from the neutral aiia. The principat diScaltj in 
determining the atrength of a beam, whea opposed to a tranaverae strain, 
eonaisia in the determination of the position of the neutral axis. Indeed 
the poiition of the neutral axis cannot properl j be determined by theory at 
all i it i< more properly a matter of experiment. WheD a bod; is symmetrical 
aboQt a line, we ma; aaaume that line as the neutral axis. Sundry modem 
experimenCa seem to ahow that the centnU axis ia in general nearer to the 
npper anrface than to the lower ; but in no case doea the poution of the 
sentral Bzis differ much from the position of the natural axis of the body. 
We have shewn that the effect of two Glamenia ia ai the distance between 
them ; the effect of either will therefore be aa its distance from the neotnl 
axis; for the filaments being equal, and (be strain on them equal, the 
txia will be at the middle of the distance between them ; and the effect 
<f both being measnrcd by the whole depth, that of one of them will be 

neanucd by half the depth. Hence the effect of the filament at Ci-S -7^' 
From the atmilarilj of the triangles S h C and FAC we conclude that 
T-Q— s-Q. Hence the effect of the filament— 8 y-n Let 8' denote the 
KnM npon an eqnal filament at ■■; thenwnce the atresait propDrtional lo 
' ' n proportionml to the diaiance from nenlral axis, we 



have 
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m the effect of the filament at C 
'eight which the b 



I^t the area of a vertical section of the filament be denoted by J A, then 
when the weight is just about to break the beam, or rather to cause penuft- 
nent derangement S* —/d A. Inthisc —...,-, . .. „. 

-/-^^^^d&. Nowthe total w 
without permanent derangement i* the sum of all these effecta. Hence 
taking NaaaxMofco-ordinatea, the axes of X parallel to F C the length, 
the axia of Y in the direction of breadth, and the axea of Z in the direction 
of the depth i denoting alao the depth in inches by d, or S N ■ vi^ and the 

length FCin inches by t then W-^/^/i'iiidy. In this the inte- 
grals must be taken between the proper limits. 

Aa an example of the application of this formuU, we may proceed to 
determine the latend slrengih of a hollow elliptical cylinder. 

Let the accompanying figure represent a Tcrtical aection of this cjjlinder ; 
N the position of the neutral axia i NZ aa before, the depth, or the direction 
in which the force is applied; and K ¥ the breadth. Put NAva, 
N A,=ai, N B=£, NB,=A, : then the eqnationa of the two ellipses are 



o'Hn'-'te 




These may be put noder the form 

jF— iVf — i", and 5,= j-'v"'!— '1 
Now the atrength of the beam may obiiously be found by first deter- 
mining the strength, considering it ns a solid, and then subtracting the 
stren^ of the hollow part. Ilcnee our formula becomes 

'= ii.C /-*'•"'"- '-' /,?/.!'■"■"" 

But 

or putting zcaiZ 

/• b „ ^ f Pdz ^ / ^iz 

But it it shown by write 



I the Integral Calcului that 
z^ix 1.1 



f> 



■"M"!," 



-^4 "'■-".'■ S , 

This result is general, and we may derive fnnn it some particular results. 
Suppose the ellipses are similar ; pila,'-»a, aad&i — Ri; then we obtain 

w-¥.-{--}-:-f-['-! 

Suppose, in addition, that the ellipaea become circles, oraai6~r; then 



w.^,.| ■ 
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StrengAs and Straim* 



In appljing this fbrmnla to particnlar caBes, it ig neoenary to remember 
that the dimensions are supposed to be taken in inches, and that the answer 
is in lbs. To adapt it to mher dimensions, it is necessary to make corre- 
sponding substitutions. 

• Before leaving this example, we may take occasion to remark that a 
considerable accession of strength is always T)btained by making the shaft 
hollow, and at the same time preserving an equal quantity of matter. This 
may be demonstrated as follows. The area of exterior circle sirr*, and 
the area of interior circle »ir a' r*; hence the area of the section sir r* 
(1 — n'). Let r^ denote the radius of a circle equal in area to the area of 
the section, then r^ will be obtained trom the equation irrjair r* (1 — n'), 

or r| -sr VI — n". Now the strength of a solid cylindrical beam, the radius 
of whose section is r,, is found from the general value by taking n^o\ 
denoting the weight by W ', we have 



Hence, 






W:W-:l-n-(l.n.)^or 



W : w» :: i + n" : ^/i-n". 



This analogy shows us that W is always greater than W^ Hence, 
whenever it is an object to gain strength without increasing the weight, 
thia will be accomplished by increasing the diameter of the vertical sec- 
tion, and making the tube hollow. We may observe a beautifiil application 
of this principle in the construction of the human frame. Those bones 
which are often subjected to great lateral strains are hollow and have large 
diameters ; so that, whilst they impart stability to the whole mass, they do 
not impede its active motions by their weight The same contrivance may 
be observed in the construction of the different parts of birds. In the case 
of malleable iron beams, the neutral axis lies nearer the bottom than the 
top, as malleable iron resists extension better than it resists compression. 
Hollow malleable iron beams should therefore be stronger on the upper 
than on the under side, being the reverse in this respect of beams of cast- 
iron. 

IJL The force may have a tendency to twist the body round. 

We have previously stated, that the efficacy of any material in resisting a 
force applied in any direction, arose firom the force of cohesion subsisting 
between the particles of that material. We have seen the different 
ways in which this force of cohesion is called into existence, when the 
applied force is tensile and when it is transverse. It is more difficult 
to explain by what modification of the force of cohesion a beam is enabled 
to resist a twisting force. But although we cannot pretend to have any 
venr distinct conception of that modification of the cohesion of a body by 
which it resists this species of strain, we can have no doubt that, when all 
the particles are similarly situated and act alike, the resistance must be 
proportional to their number. Hence, supposing an indefinitely thin tube 
to possess a transverse section in which die particles cohere more feebly 
than in any other section, then if this tube be grasped in both hands, and 
the two parts be twisted round the axis in opposite directions, as we would 
twist the two joints of a flute, it is obvious the tube would fiul in this trans- 
verse section. Now the transverse section is a circle, and all the particles 
in that section are similarly situated, and therefore act alike ; so that the 
total resistance will be as the circumference : denoting the radius of the 
section by r, and the breadth by d r, then 

total resistance oc 2ir rdr ^ 2TGr x dr. 

We can now suppose another tube within this, and a third within the 
second, and so on till we reach the centre. If we suppose the particles of 
each successive ring exerted the same force, then C is constant ; and the 

total resistance of a cylinder would be equal to 2vC / rd!r»irCr' 

%.' o 

sur&ce of the section. But when a cylinder is twisted in the manner we 
have supposed, it is obvious that an external particle will suffer a greater 
circular extension than an internal particle. It is impossible to determine 
anriori the law according to which the circular extensions are regulated. 
We may suppose that the extension of a particle is proportional to the nth 

power of its distance firom the axis of the cylinder ; or C oc r « CV . Then 

fi + 2 

r 



oc r* oc 



the resistance of the cylinder «2vC'/ 

./ 



rn^\ 2irC' 

r drs» — 

11 + 2 



In the 



case of a transverse force, we mentioned that the strain upon a filament vras 
proportional to its distance frt>m the neutral axis ; it seems probable that this 
should be the law in the case of the twisting force also. Assuming this law, 
we have nsl, and 

the resistance of cylinder «§ C'r* ccr* « if». 

We cannot say that we have demonstrated this, since we have assumed 
arbitrarily that the extension is proportional to the distance from the axis ; 
at the same time, no proportion is more probable. But the best test of the 
accuracy of our result is furnished by experiment Experiments show 



that the resistance to tension of a cylindrical tnbe is proportional to the cube 
of its diameter, or to the cube of its radius. It is obvious that the resistance 
to torsion will also depend upon the nature of the material, so that we have 

the resistance of a cylinder cc/r* a d^. 

IV. The force may be so applied as to have a tendency to crush the body. 

It is still more difficult than in any of the preceding cases to conceive by 
what modification of the force of cohesion a body is enabled to resist a 
crushing force. When the length of a column is much greater than its 
breadth, then, on the application of a crushing force, the column bends to 
one side before it breaks. When the column is too short to bend, its 
strength is only limited by the force which would crush it Theory has as 
yet furnished very little assistance in determining the force necessary to 
crush a column which is too short to bend. The first person who turned his 
attention to this subject was Euler, who published his ** Strength of Columns" 
about the year 1757. He arrived at the conclusion, that the strength of a 
column to resist a crushing force was proportional to the fourth power of 
the diameter. We may mention that his theory is founded upon an entirely 
gratuitous assumption, and consequently no dependence can be placed upon 
Its results, except they are found to agree with experiment Now, all ex- 
periments upon this subject show that the strength of a cylindrical column 
does not increase in so high a ratio as the fourth power of the diameter. It 
has also been advanced, that the strength of a column is proportional to the 
transverse section, so that if the column be cylindrical, its strength is pro- 
portional to the square of the diameter. Experiments, however, show that 
the strength increases in a higher ratio than the square of the diameter. It 
is very difficult to experiment upon this subject, in consequence of the ne- 
cessity of using such very large forces to crush a comparatively small column; 
hence it is that the experiments published differ so very much. They seem 
to show, if any thing at all, that the strength of a cylindrical column is pro- 
portioned to Uie cube of the diameter. We are, fortunately, under no 
necessity of considering this case at present, since all the parts of a steam 
engine which are subjected to a crushing force are so long compared with 
their breadth as to be liable to flexure. It is the flexure which a crushing 
force produces in a lon^ colunm that ought to be guarded against Now it 
is a general rule, sanctioned by experience, never to load a column with a 
force greater than its elastic force. Thus, if the column be cylindrical, and 
the diameter of its transverse section equal to d inches, then the greatest 
load which can be placed upon it with safety is '7854 x/x dH^, Thu is the 
greatest load that can be placed upon it with safety, even when it acts 
exactly in the axis of the cylinder. When the force acts at some point 
different from the axis, then its efficacy in bending the column is very much 
increased, and this efficacy continues to increase with the distance between 
the axis and the point of application of the force. This is a circumstance 
which ought to be particularly attended to in proportioning the diameters of 
several of the rods used in the mechanism of a steam engine, for it is 
obvious that in none of these rods does the crushing force always act in the 
axis ; on the contrary, in most of them the compressing force occasionally 
acts in the surface of the rod, or at the distance of half the diameter fVom 
the axis. "^We might here advance some theoretical considerations for 
estimating the amount of the increase of the efficacy of the force in bending 
the column when acting at the surface, above its efficacy in bending tiie 
colunm when acting at the axis ; but, as there is considerable difficulty in 
their conception, and very little dependence can be placed upon the results, 
we shall omit these spe<;ulations, and shall conclude these remarks by men- 
tioning as a general result of such considerations, that a cylindrical rod 
whose length greatly exceeds its breadth d, ought never to be loaded with 
a weight greater than (/<?, unless the weight always acts very nearly in the 
axis of the cylinder. 

We now proceed to determine the proportions for several of the principal 
parts of a steam engine. It is obvious that the dimensions of all the parts 
ought to depend upon the pressure of the steam in the boiler, or rather the 
greatest pressure it can attain before forcing open the safety valve. In 
Sie following investigations we denote this pressure by P. In the rules we 
have given, it is desirable to take P considerably larger than the pressure 
before escaping at safety valve. A good practice would be to take it 
always double of this pressure. 

To find the strength of the arms of beams, cranks, ffc. 

The vertical section of beams, cranks, &c. are generaUy rectangles. It 
will therefore be necessary to apply the formula for transverse strength. 
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Let h denote the breadth in inches, then 
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Id tUi fonnnU the duncntioni tre ill In inehe*. If L denote the lengtlt 
in fMt, then the brmnU becomet fh (P—73 W L. We lean from Ou* 
that the itrenKth of the beun or cnnk depend* much mora upon the depth 
thu the thidiaen, and therefore it i« denrable to increue the depth u 
mnch M !■ conuttent with other coniiderstioa*. It maf be Mtnmed, 
bowerer, u a genenl principle, that a beam of nniform thicknen ihonld 
fterer hsTC ita depth greater than tixteen time* iu thicknen, beeauae other- 
wiieit ia liable to oyertum. Aian me, therefore, 16 b^d, then the formula 
become! /^~lSx73<cW>L9ll52>W>cL. Denote the preaanre on 
aqnare inch of the iteam in the boiler when the ateam haa acquired an 
elacticity infficient to force open the aafet; Talxe bj P, and the diameter 

of the cylinder by D ; then the greateit value of W ia 7 P i D*. Suppoee 



-y- 



or east iron fm ISSOO 
malleable iron / - ITSOO 
Bf nhftitnting these vsluei our formnla become*. 



-■> my 



Vmx. — To Jmd At dqiA of the main btam at Vie etntrt.— Divide Oe 
bagtk n iitcltee from (Ae cntre of ■ottm (o lAe pon( wiitie (Aa pitlau 
rod i* aOaclied, jy Ike diameter of At cvliiuUr in iacta; nuiltiph/ Iht 
mutiaU bg the aiariiiiiiii preuure bi poiaidi per tquare inch of lie tteam 
n At hoder; divide the product bjf 202 for out iroit, aiid 936 fir 
wiaBetible inm : in either caee &e ctibe root of the quotient nudttplUa lin 
Ae £ameter qf the cylinder in iMheigiva the depth in iHehei of the beam 
at the centre of motim. To find the breadA at Ik centre.— Divide Ike 
ilplk B weiea iy IG ; lAe quotient u Ae breadth in inehtt. 

EmmpU. — An engine beam ia three timei the diameter of the ^linder, 
from the centre to the paint where the piMon rod acta on it; the force of 
(ha iteam in the boiler wben about to foree open the Mfety lalve it 10 Iba. 
per aquan inch. Required the depth and breadth when the h«am ia at 

bi thii cue H— 3, and F — 10, and therefore 
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It will be obaerved that onr mle givea the leaal valne to the depth. In 
aetnal practice, howeier, it i« neceBrary to malce ollovauce for accidenta, 
or for Bultineaa b the materiala. Thia may be done by making the depth 
ptutut than that determined by the mle ; or perhape more properly by 
taking the preaanre of the steam much greater (ban it can ever poaaiblybe. 
A* for the dimensiona of the other parti of the beam, it is obTious that 
they onght to diminiah tovarda the extremitiea 1 for the power of a beam 
to renat a croaa itrain variei invenelr u its length. The dimenaioni may 
be determined ftom the formula/A <f^6 Vl L 

To apply the formula to cranka, we may asanme the depth at the 
thaft to be equal to n limes the diameter of Uie shaft; hence if a x D he 
the diameter oftbeahaft, the depth of the crank will hemmixD. Sab- 
BtbntinfT Ihi* in the fonnula/i iP^ 6 W Z, and it becomet/£ ttfxwfx 
D*-6WI. Ifow, aa before, W - 7654 x P x !>■, ao that the formula 
becomes />&xii'xiii'-4-71S4kPx1. Theyalue of a ii arbitrary. In 
practice it may be made equal to 1) or I'fi. Taking thit value, then, 
for eait iron, the formula becomei 15300 x b «!> iii'_4'ri94 /VtL, or 
7>OSi^6~Ff ibntif Ldenote thelengthofthecrank in feet, the formnla 
beoomei B09 in* A-P L and .-.&-? x L4-609 ai*. Thia formula maybe 
pot into the form of a mle, thus : — 

Bdix. — To find the breadth at ihf thafi when Oie drpA ie equal to 1) timet 
Ae diameter <jf tie thafi, — Divide Ae tquart of the diameter of the 
ihaft H inchet by the tquart of the diameter of the cylinder ; multipbf 
Ae quotient bf 609, and reieree the product for a dioitar ; midt^iif 
tie greatett daetic farce of Ae iteam in Ibt. per iquare inch bu the UngA 
qf the erani in feet, and divide Ae product h/ Ae retemtd divitor ; At 
ipKiHtnt it the breadA qf the crank ai the ihaft. 



leaimj, ao that reierred diviaor— ~d36 ; again, *i" 
I Iba. per aqnare inch » SO Iba.: hence width of crank 



8x80 
■" 38 



— I'd incbea nearly. 

7^ StrengA of Shaflt. — Shafla are in general lo aupported at to render 
the lateral atreaa ai small ai poaaible ; hence we have only to conaider the 
Teaiitance to loraiou. Ko part of the abaft ghonld be leas than the bear- 
ings or journals ; and therefore it will be sufficient to determine their 
diameter. We have previonslj mentioned, that the retistance which a 
cylindrical shaft offera to a twiating force is proportional to the cube of iti 
djameter. Thia result may be arrived at bj" theoretical considerstioni i 
hnt, what it more to be depended upon, it u confirmed by eiperiraent. 
Let W denote the greateit weight acting at the extremity of the crank, 
and Rthelengthof the crank, or radios of wheel; then we hiveRxWo; 
(diameter of shaft*). 

Suppose the shaft maket a T«Tolntiona for each double stroke of the 
piston; auppoee alto R— a D; then we haTs 



At before, W— '7B5« P x D' ; and therefore -7854 at x P x J>'—e x n x if ', 

It- . „f laaixaixPl ' „ 
which giTet d-D ^ ^^^ — I . The constant e ranet for different 

materials. When we make an allowance of about Jth of the diameter for 
wear, then for cast-iron c->960,andfor malleable iron c— 1080. Suhititadng 
these, we obtain. 
For caat-iron, 

r-7«4j^«xPii_j,r«xP_i| 

"\ 960x11 J I^SxnJ 

For malleable iron, 

r:^4j<a^|i,j,rj^xP^|| 

"I lOSOxB / ll376x»J 

These may be expretaed in the following rule. 



Rcu, — To find Ae diameter qf a revolvity ihafL — f orm o rtterved divieor 
ihue : multiplji the number of revolutioni uihich the ikafl maket Jar each 
double tirohe of the pitton by the number IZ2£ for cait iron, and the number 
1376/ar maileaiU iron. Then divide the radiue of the crani, or the radim* 
qf Iheiched, bgtit diameter of the cylinder; muitipfy Ae quotient by the 
greateil preuurt of the eteam in the baiter eiprmed in Ibt. per tqnare incht 
divide Oe product Im the nierved diaiior; ei&aci Ae cube root of the 
guoHait, and mulhpfy the rendt by the diameltr of the cylinder n inchet. 
lite product it At diamet^ qf Ae thaft in inchet. 
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In treating of the resistance which a beam offen to a force tending to 
draw it in the direction of ita length, we observed that it wai proved, both 
from theory and experiment, that this resistance was proportional to the 
area of the trantverse section. Denoting the diameter of the rod in inchea 
by d, the force of coheaion of a bar of one square inch in section of the 

material by /; the resistance of the rod ia - /d*— -7854 \fd\ We 
have the equation : P D* — 7 f d' ; from which we findrfxD^-- For 

malleable iron /— 17,8001ba. 1 but it ought to be remembered that thit 
value ia only the mean or arerage valoe of several experimeuta, ao that for 
certain qualitiea of metal it ought to be teaa. Hence we ought to make la 
allowance for the probability that the iron is of an Inferior quality. Again, 
the formuk ia determined upon the snppneilioa that the force is applied 
directly lo the aiia of the rod. When the force is applied at some other 

C, the rod is liable to be bent -, h> that, in order to preeerve the rod 
flexure, it ia necetiary to make it stronger than would be neeetaaij 
if the force were applied to the axis. It has been aatumed that, in every 
case in which the force it wholly tensile, tiiere ia a possibility of the strain 
deviating one sixth of the diameter of the rod tram the axia, and as aa 
allowance fbr both of diese catnahie* we may take/ — 90aB ; with thia 
oui formnla becomes 
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BuiE. — MiJHpfy Ihe diameter nf At pulon In achet hg the egaart root of 
At grtatttt ttattic /brce of Ihe ileum in tht boiler ettimated in Ibt. per 
equare inch; the product, dieided by 9b, u the Gamier of the rod in 

Example. — Reqaired the diameter of th« (rangrene lectioD of ■ ^itUta 
Tnd in a lingle actio^ engine, when the diameter of the cylinder i» 50 
iochei, and the greatest pouible force of the iteam ia the boiler is IB Ibi. 
pet aqoare inch. Here, according to the formulB, 



ProportioHt ofEngmea. 



The theory of the tesiBlsnce which calunms whose lengithi do not 
greatly exceed thdr hreadthi offer to forces tending to crush them n 
■till in a ver; imperfect slate. When the length exceeds the breadth, then 
the column bends to one side before breskiag, so that the crushing force 
partakes of the nature of a tnuBverse force. The force increases with the 
flexure ; hence it has been laid down as a general mle, by writers on the 
Etrength of materials, neier to load a long column by a force exceeding 
Ihatwhich it can bearwhen applied as a tensile force. Thus, if the column 
be cylindrical, and its length greatly exceed its diameter d, then the 
greatest weight which should be placed upon the column is 7854 ic/icrf'. 
Thit i* Ihe maximum load, when it is applied so as to act in the axis of 
Ihe cylindrical rod ; but when the load is applied at a point different &om 
the axis, its efficacy is very much increased. Now, in the case of the rods 
ued in a cteam engine there is always a possibility of Ihe force deviating 
nearlj one half the diameter tram the axis, so ihnt we must make a pro- 
vision for this. It may be shown, from theoretical considerations, that a 
eylindrical rod whose diameter is Jmaj always be safely loaded bj a weight 
_[/(!■. AanimiDg this, we have to delermine d, the equation 

/7 0686 „ 
therefbre d= H^ — >— P. 

By subttituilag the corresponding values of/, we haye 









Theae formnlal give the following rule : — 
Rdlb. — Mutiny Ihe diameter of the pinion in inchet by Ihe iqtiare not <{/' 
the majHnmm pretnre qf the iteaia in Ibi, per iguare inch ,' divide the 
product by 

47 for cast iron, 
50 for malleable iron. 
Thia rule applies lo Ihe piston rods of donble-actiag enginet, parallel-motion 
rods, ur-pump and force-pnmp rods, and the like. The rule may also be 
applied 10 determine the slrength of connecting rods, by taking, instead of 
P, a number P, such that P* ■ sine of the greatest angle which the con- 
necting rod makes with the direction^P. 

Exampk. — Supposing the greatest force of the steam in the boiler to oe 

16lbB.perBquareinch,andthediameleroflhecyrmder 50 inches ; required 

the diameter of Ihe piston rod, supposing the engine to be double acting. 

In this case 



for cast Iron il^ 
fbrmtdleableiro 



7=*^ --^ -S inches nearly. 



50 



•/T — t inches. 



The presanre, however, ia always taken in practice at more ihan 1 6 lb*. 
If the pressure be taken at 2S lbs., the diameter of a malleable iron piston 
rod will be S inches, which is the uinal proportion. Pislon rods are never 
made of cast iron, bat air-pump rods are sometimes made of brass, and 
the connecting rods of land engines are cast iron in most case*. 

P0RMUI.IB rOR THE StHENOTQ of TIMOUS VaKTS Of Marinb 

Ehoineg The inyestigalions we bays given will serve to show the 

maaner in which the slrengthi proper for varioos parts of engines may be 
derived. It would produce a needless diffuseness to parsoe these investi- 
gations into all Ihe cases for which a solution is required, and we shall, 
therefore, give a series of formulae, derived in Ihe manner we have illus- 
trated, of the dimensioas proper tor Ihe parts of marine engines, and shall 
recapitulate, with all possible brevity, the data upon wMch the deter- 
minations reiL 

Let pressore of the steam in boiler ^d lbs. per square inch, 
Diameter of cylinderc^D inches, 
length of stroke =2 R inches. 
The vaennm below the pislon is never complete, so thai thlre always 
remaint a vapour of steam pustesdng a certain elastteity. We may anppow 



this vapour to be able lo balance the weight of the piston. Heziee the 
entire pressure on the square inch of piston in lbs.— p+ pressure of at- 
mosphere— 15+ /i. We shall substitute P for \b*p. Hence 

Entire pressure on piston in lbs. = 7SS4 11 (15 + p) x D* 
= -7854kP<D'. 

The dimensions of the paddle-shaft jouijial may be found fh>in the fiJ- 
lowing fonnnla, which are calculated so that the strain in ordinary work- 
ing — j elastic force. 

Diameter of paddle-Bhaflioumali^'OS!6i {r x P x D*| 
Length of ditto— IJ x diameter. 

The dimensions of the several parts of the crank maf be foimd from the 
following fonnulas, which are calculated so that Ihe strain ia ordinary 
working- one half the elastic force; and when one paddle is suddenly 
brought up, the strain at shaft end of crank — ] elastic force, the strain at 
pin end of crank — elastic force. 

Exterior diameter of large eye 'diameter of paddle shaft + 

{ D[P X 1-561 X R' + -O0* fl * .L D* - P'jt 1 1 
75-59 X va J . 

I>ength of dllto -^ diameter of paddle abaft. 

Exterior diameter of amall eye— diameterof crank pin + -03SS1 x .t/P x D. 

Length of dilto = i)375x v/P x D. 

ThiduieBs of web at paddle centrr 



F 



Ii^ 



TT^TTjl* 



9000 
Breadth ofditto—! ■ thickness. 
Thickness of web at pin centre-. -oaa x -/f % D. 
Bt«adth of ditto — ) x thickness. 

At these fonnolas are rather complicated, we may show what ther be 
come when p» 10 or P~S5. 

Exterior diamet«r of large eye->diameter of paddle shaft + 



r Dy(l-561xR'+ia35.D') '| 
\ 1512 X ^E J 



length of ditto- diameter of paddle shaft. 

Exterior diameter of small eye— diameter of crank pin + ■136 iIX 

Length of dilto^'l8;S x D. 

Thickness of web at pin centre- -11 « D. 

Breadth of dittos) ■ thickness of web. 

The dimensions of the crank-pin jonmal may be found fh)m the flow- 
ing formulas, which are calculated so that strain when bearing at outtr 
end^elastic force, and in ordinary working straiD- one third of elaslic 



The dimensions of the several parti of the cross head may be found fritn 
the fbllowiug formulas, in which we have assumed, for the purpose of cal- 
culation, the lengths l'4 xD. The formulas have been calculated «o aa 

to give the strain of *c'>'^^nQi " elastic force; strain of journal in Mdinary 

working— ^7^ xelastio force, and when bearing at outer ei>d— . ■ 

elastic force. 

Exterior diameter of ejec^diameter of hale + '02BS7i^xD; 

Depth of dil(o--0979 xP»xD. 

Diameter of journal — -01716 x ^FxD. 

Length of ditto— I diameter of joornal. 

Thickness of web at middle--0S4i x P^ x D. 

Breadth of ditto --09 178 x P^x D. 

Thickneas of web at jonmal— -01 2S xP<kD. 

Breadth of ditto- -0303 x H x D. 

The dimenuons of the several pant of the piston rod uay be fbtind from 
the following formulas, which are calculated m that the itraiii of jditoa rod 

— \ elastic force. ' 

„ . , ./PxD 

Diameter of piston rode? — ^ — 

Length of part in piston - -04 X D X P 
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Mtgor diameter of part in cro8sliead>B*019 x W x D. 
Minor diameter of ditto— -018 x -/P x D. _ 
Bligor diameter of part in piston a*028 x ^P x D. 
Minor diameter of ditto »*023 x a/P x D. 

Depth of gibs and cutter through cro68heads*0358 x P' x D. 

Thickness of ditto --007 x P^ x D. 

Depth of cutter through piston a '01 7 x VY% D. 

Thickness of ditto = -007 xP^xD. 

The dimensions of the several parts of the connecting rod may be found 
from the following formulas, which are calculated so th^t the strain of the 
connecting rod and the strain of the strap are both equal to one-sixth of 
the elastic force. 

Diameter of connecting rod at endsaB*019 x P^ x D. 

Diameter of ditto at middle <» {l +*0035 x length in inches} x '019 x 

V>xD. 

Migor diameter of part in cros8tailB0]96 x P< x D. 

Minor ditto « 018 x P* x D. 

Breadth of butt- -0313 x P^ x D. 

Thickness of ditto =-025 x P^ x D. 

Mean thickness of strap at cutter s*00854 x VP x D. 

Ditto above cutter =-00634 x a/P x D. 

Distance of cutter from end of strap — '009 7 x v^P x D. 

Breadth of gibs and cutter through crosstail = *0358 x P' x D. 

Breadth of gibs and cutter through bntt»*022 x P* x D. 

Thickness of ditto « *00564 x H x D. 

The dimensions of the several parts of the side rods may be found fVom 
the following formulas, which are calculated so as to make the strain of 
side rod => one-sixth of elastic force, and the strains of strap and cutter » 
one-fifth of elastic force. 

Diameter of cylinder side rods at ends »*0 129 x P* x D. 
Diameter of ditto at middle »(! + *0035 x length in inches). 

X -0129 X P* X D. 

Breadth of bntt»-0154 x P^ y D. 

Thickness of ditto=-0122 x P* x D. 

Diameter of journal at top end of side rod =017 16 x P^ x D. 
Length of journal at top end={ diameter. 
Diameter of journal at bottom end = *014 x P^ x D. 

Length of ditto = -0152 x P^ x D. 

Mean thickness of strap at cutter =-00643 x P* x D. 

Ditto below cutter =-0047 x P' x D. 

Breadth of gibs and cutter = -016 x P' x D. 

Thickness of ditto » -0033 x P^ x D. 

The dimensions of the main centre journal may be found from the fol- 
lowing formulas, which are calculated so as to make the strain in ordinary 
working 1 one half elastic force. 

Diameter of main centre journal = -0367 x P' x D. 

Length of ditto = J x diameter. 

The dimensions of the several parts of the air-pump may be found from 
the corresponding formulas given above, by taking for D another number 
d the diameter of air-pump. 

DI1IEN8ION8 OF THE SEVERAL PARTS OF FURNACES AND BOILERS. 

Perhaps in none of the parts of a steam-engine does the practice of 
ffogineers vary more than in those connected with furnaces and boilers. 
Th«re are, no doubt, certain proportions for these, as well as for the others, 
which produce the maximum amount of useful effect for particular given 
forpoief ; but the determination of these proportions, from theoretical con- 



siderations, has hitherto been attended with insuperable difficulties, arising 
principally from our imperfect knowledge of the laws of combustion of fuel, 
and of the laws according to which caloric is imparted to the water in the 
boiler. In giving, therefore, the following proportions for the different 
parts, we desire to have it understood that we do not affirm them to be the 
best, absolutely considered ; we give them only as the average practice of 
the best modem constructors. In most of the cases we have given the 
average value per nominal horse power. It is well known that the term a 
horse power is a conventional unit for measuring the size of steam engines, 
ust as a foot or a mile is a unit for the measurement of extension. There 
is this difference, however, in the two cases, that whereas the length of a 
foot is fixed definitively, and is known to every one, the dimensions proper 
to an engine horse power differ in the practice of every different maker ; 
and the same kind of confusion is thereby introduced into engineering as 
if one person were to make his foot-rule eleven inches long, and anoUier 
thirteen inches. It signifies very little what a horse power is defined to be ; 
but when once defined the measurement should be kept inviolable. The 
question now arises, what standard ought to be the accepted one. We 
think that scarcely any one will doubt that the standard fixed by Boulton 
and Watt is entitled to the preference, since it answers all the purposes of 
a standard as well as any other, and since they were the first to introduce 
the plan of measuring engines by horses* power. We have given a very 
extensive table of the nominal horse power of steam engines approximating 
to their standard in pages 96 and 97 of this work. For our present purpose, 
however, it is necessary to connect by a formula the three quantities, 
nominal horses' power, length of stroke, and diameter of cylinder. With 

this intention 

Let S= length of stroke in feet, 

</ =3 diameter of cylinder in inches; 
then it may be shown that, by adopting the standard of Boulton and Watt* 
as established by the late Mr. Watt. 

rf* X S^ 
nominal horse power = - - -^ — nearly. 

47 

We proceed now to state what seems (judging by the practice of the best 
makers) to be the best proportions for the different parts of the furnace and 
boiler. 

L Area of Fire Grate, 

The average practice is to give '55 square feet for each nominal horse 
power. Hence the following rule. 

Rule 1. — To find the area of the fire grate, — Multiply the number of horses* 
power hy *55 ; the product is the area of the fire grate in square feet 

Example. — Required the total area of the fire grate for an engine of 400 
horse power. Here total area of fire grate in square feet =400 x *55 = 22(>. 

A rule may also be found for expressmg the area of the fire grate m 
terms of the length of stroke and the diameter of the cylinder. For this 
purpose we have. 



total area of fire grate = 



•55 X <f» X ^S 



feet 



^S 



feet 



47 86 

This formula expressed in words gives the following rule. 

Rule 2. — To find the area of fire grate. — Multiply the cube root of the length 
of stroke in feet by the square of the diameter in inches ; divide the product 
by S6 : the quotient is the area of fire grate in square feet. 

Example. — Required the total area of the fire grate for an engine whose 
stroke = 8 feet, and diameter of cylinder = 50 inches. 
Here, according to the rule, 

50" X JK8 2500 X 2 6000 
total area of fire grate m square feet = - 



86 



86 



86 



59 nearly. 

In order to work this example by the first rule, we find fh)m the table, 
page 96, that the nominal horses* power of the engine whose dimensions we 
have specified is 104*3 ; hence, 

total area of fire grate in square feet =106*4 x -55=58*5. 

With regard to these rules we may remark, not only that they are 
founded on practice, and therefore empyrical. but they are only applicable 
to large engines, \\lien an engine is very small, it requires a much larger 
area of fire grate in proportion to its sixe than a larger one. This depends 
upon the necessity of having a certain amount of fire grate for the proper 
combustion of the coaL 

IL Length of Furnace. 

The length of the furnace differs considerably, even in the practice of 
jhe same engineer. Indeed all the dimensions of the furnace depend to a 
certain extent upon the peculiarity of its position. From the difficulty of 
firing long furnaces efficiently, it has been found more beneficial to restrict 
the length of the furnace to about six feet than to employ furnaces of 
greater length. 
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IIL Height of Furnace attove Ban, 



This dimension is yariable, bat it is a common practice to make the 
height aboat two fISet 

IV. Capacity of Furnace Chamber above Bare, 

In order to determine the -average capacity of furnace chambers aboTe 
bars, we may here specify some particular engines. 



i 

VeueL 


Hone Power. 


ToUl Capadtj 
aboTeBan. 


Capacity per H.P. 


Thames and Medway 


434 


540 


1*2 


Sydenham 


78 


84*5 


1*08 


Retribution 


903 


704 


•78 


Royal Consort 


317 


537*3 


•8 


Her Majesty - 


317 


537*3 


•8 


Forth - 


430 


513*8 


1*2 


Dee and Solway 


434 


494 


11 


Achilles - 


446*8 


583*2 


1*3 


Queen ... 


175 


117*8 


'67 



The average value of these, per horse power, may be taken at 1*17 feet 
Hence the following rule : — 

Rule. — To find the capacity of furnace chamber above bars. Multiply 
the number of nominal horses' power by 1*17 ; the product is the capacity 
of furnace chambers above bars in cubic feet 

V. Areas of Flues or Tubes in smallest Part 

We may here specify the dimensions of the flues or tubes of the boilers 
of several steam vessels. 



Veuel. 


Collectlre Power 
of EngiDei. 


Area of minimum 

Section of Fluct 

or Tubes. 


Area per H.P. 


Sydenham 

Royal Consort 

Her Migesty 

Forth 

Dee and Solway 


78 
317 
317 
430 
434 


7*25 ft 
26*4 
26*4 
28*8 
29*2 


13*3 in. 

11*9 

11*9 

9*6 

9*4 



The average value of the area per horse power is 11*2 sq. in. Hence we 
have the following rule : — 

Rule. — To find the total area of the flues or tubes in smallest part — MuU 
tiphf the number of horse power 6y 1 1*2 ; the product is the total area m 
square inches ofjfues or tubes in smallest part 

Example, — ^Required total area of flues or tubes for the boiler of a steam 
engine when the horse power » 400. 

For this example we have according to the rule, 

Total area in square inches =400 x ll*2a4480. 

We may also find a very convenient rule expressed in terms of the stroke 
and the diameter of cylinder. Thus, 

-, , ^^^ ^ . . ^ ll-2xd»x>''5' rf»x^ 
Total area of tubes or flues m square mches^ ^= « — 7 

YI. Effective heating Surface, 

In order to find the average quantity of heating surflMe per horse power, 
we shall here specify the total amount of heating surfoce of different 
vessels whose en^nes have different horses' power. The effective heating' 
surfiiice of flue boilers is the whole of furnace surface above bars, the whole 
of tops of flues, half the sides of flues, and none of the bottoms ; hence the 
effective flue surfiu^ is about half the total flue surface. In tubular boilers, 
however, the whole of the tube surfetce is reckoned effective surface. 

EFFECTIVE HEATXNG SURFACE OF FLUE BOILERS. 



Veuela. 


Horie Power. 


Total eflfecdTe 
heating Surface. 


Eflfective heating Sur- 
face per Horse Fower. 


Forth 

Dee and Solwinr 

Thames and Medway 

Retribution 

Achilles 


430 
434 
434 
903 
446*8 


2895*7 

2512 

2111*5 

3537*56 

2703*6 


6*7 

5*78 

4*86 

3*8 

6*05 



The mean of these numbers is 5*4, but for the larger class of boilers we 
may take less than this, and 5 square feet per horse power answers very welL 

Rule 1. — To find the effective heating surface of marine flue boilers of 
large size, — Multiply the number of nominal horses* power by 5; the 
product is the area of effective heating surface in square feet. 

Example. — Required the effective heating surface of an engine of 400 
nominal horse power. 

In this case, according to the rule, Effective heating surfiace in square 
feet e 400x5 -2000. 



The effective heating siifkee nuty be expr eaao d in tennf of tha leogth of 
stroke and the diameter of the cylinder, as fbllows:— 

T^^.^. _*.. ^,5xd»xy8d»xi^ 
Effective heatmg surface in square feeta jz « — ^-r — nearly. 

The formula, expressed in words, gives the following rule : — 

Rule 2. — To find the total effective heating surface of marine flue boilers.--^ 
Multiply the square of the diameter of cylinder in inches by the cube root 
of the length of stroke in feet; divide the product by \Qi the quotient 
expresses the number of square feet of effective heating surface, 

£jNimp2e.— Required the amount of effective heating surfsure for an engine 
whose stroke s= 8 ft, and diameter of cylinder » 50 inches. 
Here, according to Rule 2., JBffective heating surface' in square feeto: 

50^x>^8 2500x2 _ 5000 

10 "* 10 "'lO ''^^^' 
To solve this example according to the first rule, we have, referring to 
table, pages 96. and 97., the nommal horse power of the engine equal to 
106*4. Hence, according to Rule 2., Total effective heating sur&ce in 
square feet »» 106 -4 x 4*92^523^. 

EFFECTIVE HEATING SURFACE OF TUBULAR BOILERS. 

The effective heating surfiuse of tubular boilers is about equal to the 
total heating surface of flue boilers, or is double the effective surfiuse, as 
appears by the following table ; but dien the total tube sur&ce is reckoned 
effective surfiice. 



VesMlt. 


Hone Power. 


Total efllBctiTe 
heating Sur£ue. 


EflbctiTe beating Sar- 
tace per Hone Power. 


Her Majesty, and 

Royal Consort 
Queen ... 
Braganza 
Ocean ... 


317 
175 
289 
232 


3344 
1995 
3463 
3128 


10*5 
11*4 
11*98 
13*48 



The more important particulars, however, of tubular boilers are more 
clearly exhibited by the following table: — 



TABLE OF DUCEN8ION8 OF TUBULAR BOILERS. 




POWBK . - - 


270 b. p. 


9B8b. P. 


959 B. p. 


998 b. P. 


Name of Vetiel 


Royal George 


Bragansa 


Dundee 


Tans 
69In. 


Diameter of Cylinder 


61 in. 


69 in. 


68 in. 


Length of StrolM • 


5ft 


6ft.6in. 


6 ft. 6 in. 


5ft. 9 in. 


Boilers made hy • 


Tod* 


Bury, Curtis 


Hutton & StetA 


MiUerand 




M'Gregor 


and Co. 




RavenhiU 


How supplied with Steam • 
Furnace Bar per b. p. 
Length of Tuoe per B. p. - 
Sectional area of Tube per 


Fair 


Abundance 


Too much 


Short 


.633 ft. 


.339 ft. 


.761ft. 


.889 ft. 


ia44 ft. 


13.96 ft. 


14.66 ft. 


9ft: 


B. p. in Square Inches - 


11.86 in. 


14.44 In. 


19Jiin. 


8.40 ia 


Heating Surface of Tube 










per B. P. - 


8.90 ft. 


10.98 ft. 


11.888 ft. 


&85ft. 


Area of Fire-grate per 
Square Foot of sectioiial 










area of Tubes 


6.76 


8.75 


5.69 


6.6 


POWBB ... 


317 B. P. 


160 b. p. 


89 B. P. 


960 b. P. 


Name of Veuel 


Royal Consort 


The Queen 


InTinclble 


Pbcraiz 


Diameter of Cylinder 


65 


WhttehsTen 


49 


Goremment 


Length of Stroke • 


5 ft. 6 in. 


St. NaT. Compy. 
Fawcett and 


4 ft. 9 in. 


Steamer 


Boilers made by - 


Tod and 


Tod and 


PennftCo. 




M'Gregor 


Preston 


M'Gregor 




How supplied with Steam - 
Furnace Bar per b. p. 


Abundance 


Not known 


Abundance 


Scarce 


.564 ft. 


.367 ft. 


.888 ft. 


.430 ft. 


Length of Tube per B. p. - 
Sectional urea or Tube per 


12.48 ft. 


11.277 ft. 


12 68 ft. 


13 ft. 










B. P. in Square Inches - 


14.13 in. 


11 in. 


11.86 in. 


14 tn. 


Heating Surface of Tube 










perB.P. . - - 


9.763 ft. 


8.65 ft. 


9.19 ft. 


ia9ft. 


Area of Fire-grate per 










Square Foot of sectional 










area of Tubes 


6.747 


4.8 


11.05 


4.49 



It appears from these data that the total heating surface of flue and tu- 
bular marine boilers is about the same, namely, about 10 square feet per 
horse power. 

YIL Area of Chimney, 

For the purpose of deducing a rule for this we shall here specify some 
particular examples. 



Vessel. 


CollectiTC Power 
of Engines. 


Area of Chimney. 


Area per H.P. 


Sydenham 

Royal Consort 

Her M^jesty 

Forth 

Dee and Solway 

Queen 


78 
817 
317 
430 
434 
160 


5-94 sq. ft 
2375 
23-75 
24*5 
28-3 
12-5 


10-96 sq. in. 

10-79 

10-79 

8-20 ^ 

9-39 
11-25 
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The mean yalae of the quantities in the last column is 10*23. Hence 
we have the following rule : — 

BiruB 1. — To find the eurea qf chimney, — MMply ihe number of nominal 
horse power hy 10*23 ; the product is the area of chimney in sqwire 
inches. 

Example, — Required the area of the chimney for an engine of 400 
nominal horse power. 

In this example we have, according to the role, 

area of chimney in square inches «400 x 10*23 <- 4092. 

We may also find a formula fbr connecting together the area of the 
chimney, the length of the stroke, and the diameter of the cylinder ; thus 

^ ^. . . , 10*23 X d» X .yg" <?x^S. 
area of chimney m square mchesa j= «« — 

This formula, expressed in words, gives the fbllowing rule : — 

RuuE 2. — To find the area of the chimney, — MMply the square of the 
diameter expressed in inches by the cube root of the strohe expres9ed in 
feeti divide theproduct by the number 5 ; die quotient expresses the number 
of square inches in the area of chimney. 

Example, — Required the area of the chimney for an en^e whose 
stroke » 8 feet, and diameter of cylinder «» 50 inches. 
We haye in this example from the rule, 

^ V • -1. 5^><jyl" 2500x2 ,,^ 
area of chimney m square mchesa r =« — r — « looo. 

To work this example according to the first rule, we find, by referring to 
the table, pages 96. and 97., that the nominal horse power of this engine is 
104*6 : hence, according to Rule 1., 

area of chimney in square inches » 104*6 x 10*23 « 1070. 

The latter value is greater than the former one by 70 inches. This dif- 
ference arises from our taking too great a divisor in Rule 2. Either of 
the Taluea, however, are near enough for all practical purposes. 

Vm. Water in Boiler. 

The quantity of water in the boiler differs not only for different boilers, 
but differs even for the same boiler at different times. It may be usefU, 
however, to know the average quantity of water in the boiler for an engine 
of a given horse power. Following out the same plan that we have followed 
with the others, we here subjoin some particular examples of particular 
engines. 



VetMl. 


ColIectiTePow. 
er of Engines. 


ATerage QuantltT of 
Water In the'BoJiler. 


ATerage Quantity 
per U.P. 


Achilles 

B^etribution 
Her Mijesty and 1 
Royal Consort - J 
Forth ... 
Dee and Solway 
Thames and Medway 


446*8 

78 

903 

317 

430 
434 
434 


2900 

291*5 
4056 

1433*3 

2439*2 
2338*4 
2647 


6*49 
3*74 
4*4 

4*5 

6*7 
5*4 
6*09 



The mean value of the last colunm is about 5 *. hence we may say that 
on an average there is 5 cubic feet of water in the boiler for each nominal 
horse power of the engine. We may therefore form the following rule : 

RuLB 1. — To determine the average quantity of water in the boiler. — Mul' 
tiply the number of horsei power by h\ Ae product expresses the cubic 
feet of water usually m the boiler, 

^ This rule may be so modified as to make it depend upon the stroke and 
diameter of the cylinder of engine ; thus, 

5 X d" X ^S 
cubie feet of water in the boiler —5 x nominal horse power = 7= 

This formula, when expressed in words, gives the following rule : 

Rule 2. To determine the cubic feet of water usually in the boiler. — Multiply 
together the cube root of the strohe infeet, the square of the diameter of the 
cylinder in inches^ and the number 5 ; divide the continual product by 47 ; 
the quotient expresses the cubic feet of water usually m the boiler. 

Example. — Required the usual quantity of water in the boilers of an 
cngne whose stroke » 8 ft, and diameter of cylinders 50 in. 
Here we have frt>m the rule. 



5 X 50* X >^8 5 X 2500 x 2 25000 



47 



47 



47 



-532 



cubie feet of water in boiler 
nearly. 

In order to work this example by Rule 1, it is necessary to refer to the 
table, pages 96 and 97. According to the table, the engine, with the 
•dimensions we have specified, is of 106*4 nominal horse-power. Hence, 
according to Rule 1, 

cubic feet of water in boiler —106*4 x 5—532. 



IX. Area of Water Level 

We here subjoin some examples of the area of water level in the boilers 
of particular steam vessels. 



Veiael. 


CoUective Fbwer of 
Engines. 


Area of Water Lerel. 


Area per 
U< P* 


Dee and Solway 
Sydenham 
Retribution 
Her Mijesty and 1 
Royal C<msort - J 
Forth . - - 
Thames and Medway 
Achilles . - - 


434 

78 

908 

317 

430 
434 
446*8 


695*4 
65*25 
850-5 

304*6 

564*4 

413 

565 


1*6 

•84 
•94 

•96 

1-31 
*98 
1*3 



The mean value of the numbers in the last column is a little more than 
1. Hence we may take one square foot of water level for each horse power. 
We may put this result in the form of a rule. 

Rule 1. — To find the area of water leveL — 77^ area of water levdcon- 
tains the same number of square feet as there are units in the number ex- 
pressing the nominal horse power of the engine. 

Example, — ^Required the area of water level for an engine of 200 nominal 
horse power. According to the rule, the answer is 200 square feet 

To proceed in the same manner as we have done with tiie others, we add 
a rule for finding the area of water level when the diameter of cylinder 
and the length of stroke is given. 

Rule S.-» To find the area of water level — Multiply the square qfthedia' 
meter in inches by the cube root of the stroke in feet ; divide the product 
by A7 i the quotient expresses the number of square feet in the area of 
water level 

Example, — ^Required the area of the water level for an engine whose 
stroke is 8 feet, and diameter of cylinder 50 inches. 
In this case, according to the rule. 



area of water level in square feet « 



50»x>^8 
47 



-106 



In order to work this example by Rule 1., we must refer to the table of 
nominal horse power at pages 96 and 97 ; and we find that the nominal 
horse power is 106*4. Hence, according to the rule, the area of water level 
— 106^4 square feet 

X. Steam Boom, 

It is obvious that the steam room, like the quantity of water, is an ex- 
tremely variable quantity, differing, not only for different boilers, but even 
in the same boiler at different times. It is desirable, however, to know 
the content of that part of the boiler usually filled with steam. Following 
the same method as previously, we here add some examples of the average 
quantity of steam room in the boilers of different steam vessels. 



YeueL 


CoIIectiTe Power 
of Engines. 


Total Steam Room. 


Steam Room 
perH.P. 


Achilles 
Sydenham 
Retribution 
Her M^esty audi 
Royal Consort -J 
Forth - - - 
Dee and Solway 
Thames and Medway 


446*8 

78 
903 

317 

430 
434 
434 


1380 
215 
2272-4 

850 

1880 
1770 
1064 


3 

2-8 

2-5 

2-68 

4-4 
4*1 
2*45 



The mean value of the quantities in the last colunm is about 3 : hence we 
have the following rule for determining the average quantity of steam room. 

Rule 1. — To determine the average quantity of steam room. — Multiply the 
number expressing the nominal horse power by ^\ tl^ product expresses 
the average number of cubic feet of steam room. 

Example. — Required the average capacity of steam room for an engine 
of 460 nominal horse power. 
According to the rule. 
Average capacity of steam room » 460 x 3 cubic feet « 1380 cubic feet. 

This rule may be so modified as to apply when the length of stroke and 
diameter of cylinder is given ; thus, 

3 X d» X ^S <? X ^S 



cubic feet of steam room: 



nearly. 



47 15 

This formula, when expressed in words, gives the following rule : — 

Rule 2. — Multiply the square of the diameter of Ae cylinder in inches by 
the cube rootof the strohe in feet; divide the product by\fi\the quotient 
expresses the number of cubic feet of steam room, 

T 



Boileri — Compariton of tht fTaffffOH-thaped and ContUh Bmltrt. 



110 

Examplt. — Required the arerage capscit; of iteam room for an engine 
•whote *troke i* 8 feet, and diameter of cjlinder 9 indiei. 
la tliii case, according to the rule, _ 

. , SO* K ys 2500 X S SOOO , 

SleajD room in cnbia feet — rj — — rz — — -jy— 333J. 

In order to irork this example by the fint role, we moit refer to the 
table of DomiiiBl hone-power. We find (hat the nominal bone power of 
this engine ii 106'4 ; hence, according to Rule I., 

arenge nream room in cubic feet — 1064x3—330 nearly. 

Before leaving theie mlea, we would again repeat that A^j ongbt not to 
be coiuidered aa rolei founded npon conuderatJona for gitiog the maximum 
effect from the combmtion of a given amoaot of ftiel ; and conaeqaentty the 
engineer ooght not to coniider them u iaiariable, but merely 10 be followed 
a* fkr u circuoutancei will permit. We give them, indeed, ai the medium 
value of the very variable practice of teTeral well-known conatriictora ; 
oipieqaendy, although the proportioni given by the nile* may not be the 
beat poauble for prodoelng the moat nieful effect, still the eogineer who is 
guided by them ii inni not to be very Ar fVom the common pnctice of 
moat of our beat engineera. Il ha* often been lamented that the methods 
used by difierenl engine maker* for eatimating the nominal powen of their 
enginsa hai been so variona that we can form no real estimate of the 
dimensions of the engine, from ita reputed nominal horse power, unlet* we 
know it* nukker ; bat the same oonfosion exists, also, to some eilent, in 
the eonstructioD of btoler*. Indeed many things maj be mentioned, which 
have hitherto operated as a barrier to the practical application of any 
standard of engine power fbr proportioning th^ different part* of the boiler 
and flmace. The magnitude of fiimace and the extent of heating surface 
neceasary to produce any required rate of evaporation in the boiler are 
indeed known, yet each engine maker ha* his own mle in these matters, 
•ltd which he aeema In tlunk preteimhie to all others, and there are various 
circnmstancea inflnenmng the reanlt wUch render beta incomparable nolea* 
ihoae rircmiMtaDce* arc the aame. Tho* the dreuutaiices that govern 
the rate of evaporation, a* inflnenoed by different degree* of draught, may be 
regarded as but imperfectly knowiu And, anppoung the difficulty of 
ucertmning this rate of evaporation were snrmoimted, there woold still 
remain some difficolty in aicertsining the amonnt of power absorbed by 
the condensation of the iteam on ita passage to the cylinder — the imperfect 
condensation of the same steam after it has worked the piston — the ftiction 
of the various moving pert* of the mtLchinery — and, eipecially, tbe difference 
of effect of these losses of power in eogines couslrucled on different scales 
of magnitude. Practice muat often vary, to a certain extent, in the eon- 
stmction of the different part* of the boiler and furnace of an engine i fbr, 
independently of the ^Scully of BoWing the general problem in engineering 
the detenninalion of the maximum effect with the ' 



:ir expense of 
„ . . er proporUoDS for a Ijoiler and its 
appendages, reference ought ra be msde to the distinction between the 
" power" or " effect" of £e boiler, and it* " duty," This is a distinction 
to be considered also in the engine itseIC The power of an engine has 
reference to the time it takes to produce a certain mechanical effect with- 
it reference to the amount of fuel consumed ; and, on the other hand, the 



material. 



duty of an engine ha* reference to the amoant of mechanical effect pro- 
duced by a certain eonaumption of fuel, and Is independent of the time it 
take* to produce that effect. In expressing the dnty of engines, it would 
have prevented much needless confusion if the dnty of the boiler had been 
entirely separated ^m that of die engine, as, indeed, they are two very 
distinct things. The dnty performed by ordinary land rotative steam 

One horse power exerted by 10 lbs. of fuel an hour ; or, 
Qnarter ot a million of lb*, raised one foot high by 1 lb. of coal ; or, 
Twenn-miUionsof lbs. raised one foot by etch bushel of coals. 
Though in the best class of rotative engmea the consumptiimi* not above 
half of this amonnl. 

The constant aim of different engine maker* la to increase the amount 
of the dnlji that is, to make 10 lbs. of fiiel exert a greater cfiect than one 
horse power ; or, in other words, to make 1 lb. of coai ruse more than a 
quarter of a million of Iba. one foot high. To a great extent they have 
been suceeasfiil in this. They have eauted 9 lbs. <tf cosl to exert the force 
of one horse power, and even in some eases as little aa 3) lbs. ; bat in these 
latter cases the economy is due chiefly to expansive action. In some of 
the engines, however, working with a consumption of 10 lbs. of coal per 
nominal horse power per hour, the power really exerted amount* to mach 
more than that represented by 33,000 lbs. lifted one foot high in the minute 
for each horse power. Some engine* lift S6,000 lb*, one foot high in the 
minute by each horse power, wuh a consumption of 10 Ibe. of coal per 
horse power per botiri and even this performance has been somewhat ex- 
ceeded without a reconrse to expannve action. In all modem engines the 
actoal performance much exceed* the nominal power ; and reference muat 
be had to this circumstance in contrasting the duty of different engines. 

We may here give the following table, taken from the experiments or 
collected data of Parkes, Wicktieed, and Boullon and Watt, and which ia 
supposed to contnat the respective dittingniihiDg features, and the com- 
j«iative economy, of the two systems of generating steam fvactised ' ' 



Boulton and Watt boiler, ■ 



le Trtvithick or Corniih boiler. 





N* 


1 
i 


^ 


il 


1 


i 


1 


1 


Boullon »ml W.« hntlw. 
IA ID 1)1 iHt lODJ, sttgh- 

Man - - - 


s 




16-JS 


fis 




\i'\ 


rm 


lO-M 


'ifii 


I'Hl 


ia-13 


iia 


43-88 


I'lDS 

•s 


¥ir 


409 


i<tm 

S-Ol 


9-89 



By this Table, it appears that, in the Cornish boiler, 

1. The ratio of the are* of the heating surfhee to that of the flre gnte 
Is more than double what it is in the common boiler. 

S. The proportion of heating snr&ce to the quanti^ of water erqioratcd, . 
or of Aiel consumed, ia about ten timet as preat. 

3. lite ratio of combustion is slower with tbe Cornish boiler diaa with 
the common one, in the ratio of 1 to 4. 

t. There is an economy of about 37 per cent, in fuel by the D*e of the 
Coniiih system of boilers, as compared with ordinary land boilers ; though 
they are less economical, as has been shown by the trials at the Blackwall 
Railway, than marine boilers, having the same amount of surface. 

Although a great ecoaony of fuel ia gained by the Cornish boiler, it i« 
important to observe that tlus advantage i* attended with a loss of time. 
TbuB^ one waggon-ahaped bmler at the Albion Mills, weighing only TJ 
tont, evaporated SS cubic feet of water per hour ; while three cylindrical or 
Cornidt boilera, weighing tS tons, evaporate only 48 cubic feet. Thi* 
is chiefly the result M the system of firing practised with the one boiler 
and not with the other. Af^in, in estitnating the different qualities of the 
two claaae* of boilen ftom a table containing practical data, as the one we 
have given, it ought to be remembered that the average pressure of the 
steam in the Cornish boiler ia greater than the average pre«inre of steam 
in the waggon buler. The high pressure of the aieam in the Comiih 
bmler require* the maintenance of a higher temperature in and abunt the 
b^ler, and consequently there would be greater loaaes (torn dlspeitioii, but 
for the effectual kind i^ clothing employed in the Comith engines and 
boilen, and to which no inconuderable part of their economy ia to be attri- 
buted. It appears probable to ua that the marine tabular boiler, or the 
tabular boiler with upright tubes, will sapersede the Cornish boiler ; and 
the exchange, it can hmdly be doubled, would be an improvement; for 
with the same economy there wonld be a saving of weight and a saving 
also of the expense of setting. Indeed in the case of all land boilera, this 
expense will probably be hereafter saved by the snbttitntion of the marine 
fbrm of bmler for that which has heretofore been sdopted. 

With these remarks we leave the subject of boilers, where we have per- 
haps lingered too long. We ma^ mention that, although a great ded of 
attention and engineering ingennity has been bestowed upon the improve- 
ment of boilers, there stm remuns great scope for improvemcnL Indeed, 
although tome few engineen have spent a good deal of attention 
and ingenuity upon the sntjectof bculenaiidfaniaces,)tillit is much to be 
lamented that the aim of so many othen is no higher than to follow cloaely 
in the footsteps of their predecessors. The mle of the great majority of 
conatmcton seems to be to follow as closely aa eireumnance* will pennit 
that which baa been found to answer. The blind submission which they 
display to the t" >«■"■' of their predecessors, and their servile imitation of 
their maxims, has hitherto operated as an almost impenetrable barrier 
againn exienaive impravement in ihii most important department of en- 
gineering. Indeed we ought not to expect any other resntt Noimprove- 
menlcan reasonably be expected in any art or science, unless somejadicions 
departures be made fVom tbe common methods. The constmction of the 
boiler of a locomotive engine affotds a striking example of tbe amount of 
improvement which may sometimes be made by judicious experiment, and 
the extension of this principle to marine boQers, which has now been ac- 
compliabed, ia an important step in the right direction. Nevertheless much 
remains 10 be done both aa regards the distribution of heat- receiving 
surfkce in the best manner, and the introduction of improved means of 
feeding the fire with coals. The modes of feeding the fire at preaent in 
use are &r from satisfactory, and in steun vessels particularly are tbe 
occasion of great labom' and expense, all of which could be obviated by 
the introduction of some automatic machinery, by which the engine would 
supply the furnaces with the fuel they require. The revolving grate de- 
scribed in page 53, with its accompanying apparatat, ia the aelf-acting fire- 
feeder to which we think a preference should be given ; and in the boiler 
with upright tubes described at page G9 the revolving grate is of easy 
application. Experiment* with these upright tube* hat shown that they are 
considerably more efficacious than tubes lying horiiontally, while their n*e 
ia attended with various collateral advantages. For locomotives, boilers 
with short upright tubea would be preferable to the ordinary plan of loco- 
motive bailers: a large fire anrfkce would then be obtainable, and but little 
power would require to be wasted upon the blast. 



Table! of Dimeiuions of the principal Partt t^ Marine Enginei. 



Table o> DmHiicati oi thb Vaacipja. Pakti of Himu. SUtriMUT, Sonb, avd Fuld'i ISiana ENODm. 



Voniliul PowDC of EDflne. 



BianeUraf 
CrliDder - 

Pitton-rod 
Air-pump 
Air-pomp rod 
lojecdaa-cock 
Hot-water pomp 
Fe«d-pipe 
Slesm-pipe 
WuCe nBler-pipe 
B«wa gadgeoa - 
PinB in beam ends 
Air-pump pini in beam 
Crtnk-pia 
Hainihaft 

Paddle-wbeeli, in feet 
Weigb-sliaft bearings 
Strottof 
PiMon - 
Air-pnmp backet 
Feed-pump plunger 

Depth of boM 

Ditmeter of boss 

Dnitb of middle 

Thickness 
Air-panp CTOSt ktad. 

Depth of boss 

Diameter of boss 

Depth of middle 

Tbicknew 
Calumiu, 

Diameler at top - 

Diuneter at bottom 
Ctnm to co.(r< 0/ 

Ajr-pnmp, side-rods transTersel; 

Btuns, ditto 

Frames, ditto 

Enginei. ditto 

Length of steam port 

Breadth of Gleam port 
Fori valve pauagt. 

Depth 

Width - 



Breadth at middle 
Breadth al ends - 
Thickness 



'4 


l\ 


34i 


371 




«t 


M3 




7a 




n 


2 


a 


s\ 


n 


151 



Si 


* 


11 


13 

7 






H 


a 





10| 


M 


iii 



r MimiNE Stui Ehoimm or Hesibs. Suwabd &hd Co.'s MiKor^crvtx. 



fowa. 


° 


1 


1 


f 


1 


-1 


ll 


=1 

IP 


1 


if 


il 

n 




1^ 
II 


P 


m 

M 


11 


|i 


Ill 


111 
III 


sj 


n 








ft, in. 




^ 


^ 


, 


14 




^ 


26 


5 


1! 


6 6 


9 


n 


'4 




jj 




IS 


n 


IS 


a fi 


n 




a* 


ai 


1 




1 

a 




S8 




7 




4 


s( 






3' 


3 




?7 


17 


3 6 


II 


5 




H 


1 




'i 


30 








3 


5 








fl* 


3 


SO 
40 

SO 


31 
36 

9t 


93 


3 
3 
3 B 


13 
13 


e 


■3 


3 

.1 


3 
! 




1 


35 


S 
9 

9* 


1 


B 8 
10 
10 6 


3 

h 


1* 


'4 


3 
3 


2 
3 




4 
5* 


4 

4 






»♦ 


4 








4 


li 




a 

3 
3 


44 






















fi 


70 




n\ 


4 3 




n 


13 


4i 


3 


50 








4 


4 






3 


« 


H 








4 6 






l-t 




»| 


Ml 


55 
























90 


50 




4 9 




int 


IB 


*? 




IDi 


58 




ail 


13 6 




•t 






3 




7 


^'i 


100 


5s;^ 










IK 




3 




Gi 


i3 




16 








5 


3 




il 




110 










lU 




^t 




I'l 


66 




'4 


16 






3 


n 








130 


in 




a 6 


Xi 


isi 


nl 


4 


<1 




70 




17 e 


5 


4 


a 


^ 






4 



Citvum/ereneetfor Angled Iron ffoopi. 
TABLE OF CIECDUFERENCES FOB ANGLED IRON HOOP& 



DW 


c™. 


„». 


C^ 


DIun. 


C.^. 


»™. 


c,™ 


Dlun. 


c,„„ 


DUm. 


0,™ 


D,^. 


Ctrcum 


Dlim. 


Clrairo 


D]im. 


Clrcum. 


„^. 


CJKnni. 


1 

1 


1 si 

1 5 

1 6 
I 6 
1 7 
1 7 
1 7 
1 S 


ft. In. 
I 1 


3 a' 

3 4i 


ft. in. 


4 lOJ 
* 11 

:"! 

5 
5 Oi 
5 0} 
S IJ 


2' 3' 


e 7 
6 ; 
6 7 

6 9 

6 9 


210' 
1 


rt. In. 

8 V 
6 4} 

8 4i 
8 5, 

1?: 

8 61 


a 5* 


ft. in, 
10 
10 

10 1 
10 2 

ID aj 

10 2 


1 
i 


H % 

ilii 

11 10| 

H lOJ 
11 10! 

11 u\ 


ft. Id. 
4 7 

i 

\ 

1 


13 SJ 
13 S| 

13 6) 
13 Bj 
13 7 
13 7i 
13 7i 


'] 


15 Ij 
15 2 


5" i 
I 


16 10 
16 10 
16 10 
16 11 

16 11 

17 
17 Oj 
17 OJ 


7 


1 8 
1 8 
1 9 
I 9 
1 9 
1 10 
1 10 

1 u 


1 2 


3 S 
3 fi 
3 G 


1 9 


6 2 

B 2 
5 3 

If 


2 4 


6 10 

7 0] 
7 Oj 


3 11 


8 6 
8 B 
8 7 
8 7 

8 8 
8 8 
8 9 


3 G 


10 3 

10 3 
10 3 
10 4 
10 4 
10 4 
10 5 
10 5 


1 
1 


11 HI 
13 

ii? 


4 8 


13 8 

13 B 
13 9 
13 9 
13 9 
13 10 
13 10 


5 3 


IS 4| 

15 5 
IS 5 

15-6 
IS 5 
15 7 


5 10 


17 1 

17 1 
17 1 
17 a 
17 2 

17 3J 
17 3) 


8 


i 11 

1 11 
a 
a 
a 

2 1 

a 1 


1 3 

i 
1 


3 8 
3 8 
3 9 
3 9 
3 9 

3 10 


1 10 

i 

I 


5 4 

5 43 

5 e 

S 6 

5 7 


2 5 

! 


7 1 

11 

7 2i 

7 aj 

7 3| 
7 31 


3 


8 9 
8 9 
8 10 

B 11 

B H 


3 7 

1 


10 6 
10 6 
10 6 

10 7 
10 7 
10 8 
10 8 


i 


'if 

12 4i 

13 4: 

12 Si 


4 9 


13 11 

13 11 

IVl 

14 
14 
U 1 
14 1 


5 4 


15 7 

15 7 

15 9 
15 9J 
IS 9 
15 10 


5 It 

1 

I 


17 4 
17 4J 

ill! 

17 51 
17 6i 

17 e| 




a aj 

I? 

2 3 

a 3 
a 4 
a 4 

3 4 




3 10 
3 11 
3 11 

3 11 

4 
4 

4 IJ 




5 7 
5 7 
5 8 
5 8 
5 8 
5 9 
5 9 


a 6 


' 3; 

; ? 

7 Sj 

7 5! 


3 1 

1 


9 

9 1 
9 1 
9 1 

9 a 
9 a 


3 8 


ISf 

10 9 
10 10 

10 10 

10 10 

10 n 
10 IS 




la 5 
12 3 

12 « 

13 fi 

la 6 

12 7 

13 7 


4 10 

! 


14 a 

1:?, 

14 3 

14 3j 

14 4J 


s a 


15 10 

15 11 

15 11 

16 

16 1 


6 


17 7 


ID 


13 

2 6 

a T 

2 T 

a 7 


' ] 


4 a| 

4 3i 
4 4 
4 4J 


1 

i 


S 10 
S 10 

5 Hi 
5 Hi 

5 Oj 

6 Oj 
6 oj 




7 7 

7 8 

7 9 
7 91 


1 

i 


11 
11 

9 4 
9 5 

9 S 




10 11 

11 

11 ^ 
11 1 
11 1 

11 2 




19 8 
12 9 
12 9 
12 9 

la 10 


4 11 

1 

1 


lit 
ii I 

14 7 


5 6 


16 1 
16 I 
16 S 
16 3 

16 a 

16 3 
16 4 




S B 
B B 
S B 
3 9 

a 9 


I 


4 4i 

4 5 
4 5 
4 5 
4 6 
4 6 




6 2J 
6 3 




7 9 
7 10 
7 10 
7 10 
7 11 

8*0' 
B Oj 


3 3 

1 


9 B 

I t 

9 7 
9 7 
9 8 
9 8 
9 8 


3 10 

i 


11 2 
11 3 
11 3 

11 4 
11 5 


4 5 

1 
1 

! 


12 H 

12 11 

13 


S 


14 7 
U 8 
14 8 
14 8 
U 9 

14 10| 


5 7 


16 4 
16 4 

16 6 
IB 5 
16 6 
16 6 
IB 6 


i 


a 11 
a 11 
a II 

a 

3 
3 1 
3 I 




4 8 

* 9 
4 9 

4 9 
4 10 


2 3 


B II 


2 9 


8 OS 

8 IJ 
8 li 
8 B| 




9 S 
9 9 
9 9 
9 10 
9 10 
9 11 
9 111 
9 11 


3 11 


11 S 
II 6 
11 6 

H 6 

11 7 
11 7 
11 8 


4 6 


13 a 
13 a 

13 3 

11 


e 1 


14 101 
14 11 

14 H 

15 
IS 1 
IS 1| 


5 8 


16 71 

•yi 

16 B 
16 9 
16 9 
16 9 



HftTiDf tbu &r ditpoMd of the mttJecl of Ixnler*, tfa«re mtj lie no 
great improprietj, before eoteriDg >t length upon the subject of eagines, to 
set doKii tome <tt the chief dimenEions of marine and locomotive enginei, 
the locomOtiTe bcnler and engine being bo ideatiSed, ihat it ii difficult to 
■eparate the conudeTation of them. We first give b table of tbe diioeDBioiii 
of Hewra. Maodaliy and Co'i aide lever marine engices, and another of 
the dimcunonj of Meaan. Seaward and Co'a. We do not attach an; great 
importance to these dimeouona, yet it ia la^Gictory to be in poueuion of 
the dimensioD* naed by makers of ipme repnCatioD, thoagh Dot the beat 
ibsolutely. 

We add lom'e mlei and tablea for &cili(atiiig the conitmctioD of boilen. 



le-ii-m reqnidte for ibe 



otpog* 34. u tit ttigth of At bar. 

If the iron be beat edgewiH tbe breadth of the bar mnit be added to tt 
diameter ; fbr it ii the IbickoeM of the bar meaaured radially that ia to t 
taken into conuderstion. 

Id such piecei of work aa the tirea of railway vbeela, which hftre a Sang 
on one edge, it ia neceMar; to add, not only the thickneai of tbe tire, bi 
alio two thirda of the thickneia of tbe flange. Generally, bawerer, the tii 
b«ri are aent from tbe iron worka ao carved that the plain edge of tli 



Circumfereneei for Angled Iron Boopt. 
TABLE OF CIBCUHFEBENCES FOB ANQLED IBON HOOPS. 



DUn>. 


c^. 


„... 


Ctmun 


Dl™. 


arc™. 


Dlin. 


a™. 


Dl«n. 


o™. 


Dlun. 


Cliclmi. 


Dlun. 


C^o.. 


PU.. 


ClnuD 


»... 


c.™. 


»,„. 


Ci^. 


n. In. 
6 


v\ 

1 9 

1 e 

I 10 

1 10 

I 11 
1 11 


ft. In. 

1 1 
1 
\ 


Hi 

3 101 


) 
i 


5 91 

5 Hi 


"1 


5 21 

7 loj 

7 !0| 
7 llj 


a'lo' 


9 9 
9 10 
9 10 
9 11 
9 Hi 


ft. In. 


11 BJ 
11 91 

lliSI 
11 llj 


4 o' 

.1 


13 'si 

la 8j 

13 91 

13 ^ 

13 10 

IS!2i 

13 llj 


n. la. 
4 7 


15* 8 
15 8 

IS 10 


s' 3 


17' 8 
17 8 
17 9 

17 10 

17 lOJ 
17 lOi 
17 llj 


b' 9' 


19 'ej 

19 81 

19 9) 
19 91 
19 10 

iiii 


7 


1 11 
a 

! 
9 1 

a 1 

2 2 

3 91 
9 2 


I 3 


3 11 

4 
4 1 
4 1 
4 3 


I 3 


6 2 

e 21 

6 2i 




8 Of 

8 1 

w 


a 11 

I 


IS?! 
ISJ' 


3 6 


11 11 

12 

13 

12 1 
12 1 
la 2 
12 2 


4 1 

i 
J 


13 111 

ijoi 

14 1 
14 9 
14 3 


4 8 


ill 

16 2 
16 a 


'1 


17 n 

18 
18 01 
IS 1 
18 I 
18 1 
18 2 


B 10 


30 91 
30 9| 


8 


! 3 

3 i 
9 fi 
9 5 

3 5 

9 6| 


1 3 


4 6i 


I 10 


6 4 
S 4 

e 5j 

Hi 


3 S 


9 3i 

a 4) 

S 41 
8 5 

:?i 

8 61 


3 


10 3) 
10 .3! 
10 41 

Jo 5* 

ID b; 

10 61 


3 7 


19 3 

12 4 
12 4 
12 5 


4 3 


14 31 

14 4 
14 4 
14 4 

14 B 
14 6 


4 9 


16 31 

II !' 

16 4 
16 5 
16 5 
16 6 


S 4 


ISSl 

itii 

11 S| 

;ssi 


S 11 
1 

1 


20 4 

n 


9 


a 6} 

3 7 
9 7} 
9 8 

a 8j 
a s 
a g 
a 9 


1 i 


4 7 

4 7 
4 8 
4 8 
4 8 


I 11 


6 G 

6 J 
6 8 
G S 

6 e 

6 9 

G 9 


'1 


8 G 

8 7 
B 7 
8 8 

a s| 
a 81 

8 9i 
8 9i 




10 6i 
10 7| 

10 71 
10 eg 

10 8} 
10 91 
10 9J 


3 8 


12 Gj 

12 7 

13 7} 

12 ej 

13 8i 
12 91 

12 9J 


4 3 


14 Gj 
14 T 
H 7 
U 7 
14 P 
14 8 
U 9 
14 9 


4 10 


IS 5' 

16 8; 
16 S, 
16 9( 




;s?' 

18 Tt 
IS 7 
18 8 

18 9 


6 


>o «l 


10 


a los 

9 Ift 
9 11 
9 11 

3 
3 
3 1 


1 5 


5 01 
5 M 
5 1 


1 
1 


6 101 

6 11 

7 01 

7 01 

7 U 


a 7 


J IS! 

9 Oj 


3 2 


10 101 
10 lOi 

10 11 

11 
11 01 

11 1 


i 
1 


12 10 

B 

12 11] 

13 01 

IS? 


"l 


14 10 

14 llj 
14 \\\ 


4 n 


16 10 
16 11 
16 11 

ii ? 


1 


la 10 
18 lOj 
18 lOj 

18 m 

18 llj 

19 Oj 
IS 01 
19 1 


11 


3 Ij 

3 a 

3 2\ 
3 3 

\l 

3 4 

3 i 


1 6 


5 1| 

5 31 
5 3] 
5 4i 
5 4J 


"t 


7 9 
T a 

7 3 

; 3 

7 4 


a B 


\ 5' 
\\ 

9 4 
9 4 


3 3 

1 


11 11 

11 41 


3 10 


13 11 

ISJi 
IS a 

13 3t 
13 4 
13 4J 


4 5 


15 2 

15 a 

IS 3 

IB 3 

15 41 


5 


17 1 

17 1 
17 2 
17 2 
17 3 
17 3 

17 4J 


5 7 


18 \\ 

ISJI 

19 9i 
19 3J 
19 31 
19 4 
19 4J 


I □ 


S 5 

3 GJ 

3 6^ 
3 7J 


1 7 


5 S 
5 B 

5 5 
5 6 

5 7 
5 8 


a 2 


7 5 

7 B 
7 5 
7 6 


a 9 


9 a 

9 5) 

9 S 
9 6 
9 6 
9 7 


3 4 

1 

! 

3 

I 


11 5 

11 B 

11 n 

11 61 
11 6 

11 S 


3 11 

\ 


13 B| 

13 5 
13 81 
13 6 
13 7 

!S!| 


4 G 


15 4 
15 5 
15 5 
IS 6 


5 1 


17 4 
17 5 

17 6 
17 6 
17 7 




19 4 
19 51 
19 5 
19 6 

1? ; 

19 71 

19 ?1 



tin ii concBTC, und Ihe flmRe edge convei i while the tide whicli is after- 
■wvii tobctieatiii'tO'CoaUct with the cvlindiical «urfBcei?rilieiiheeliB A 
plane. Bf liiismeaaa the addition Id t^e diameiernftwo thirdbthelhiclE* 
nessof Ihe flange is unnectssBrj : for Ibe curving of the flongeeilpP ^36 the 
effect of iDcrensing the real Ifnglh when oa\y lbs «liord i( the ire ii 
messnred for the circumference. The rsdins of the cnrve io vhieh the 
tirM ore Gr&t henl nill j be taftly tiken m fonr timet the eircimifenDee of 
Om hoopoT wheel. In thefbrmofnilea, theae resnlti will be, fint 1 — when 
the tire is itraight 

Rule. — AddlheAidaimoftU hoep.and tvo-thirtU At Ihieknat of tiiM 
JUatgt to tks diam^mr, and find At cerrapomdutg eimmfirtact. 

And wbM Ihe tin it curved it will b« : — 



Hole. — AM ihe AieJautt of tht &xp lo At JiameUr, mtrf Jmd At 

In calculating the length of mgle iron teqaired for a given diametei 
the fahisB given above, obtained from ft vorl: by Mr. Foden, wliich jj little 
known, are to be used instvad of the table of circumJerences of circles. 
The first of Ihue is for iron, in which the ungle or fl>nge is outside, and 
[be second for iron, in which the uigle or llEinge is inside. ViTitn the 
angle Is oolside, its Intel breadth mufi ^l' added to ihe Internal diameter, 
and tbe circiimference found in the Uibh' murkcd. " angle ontude." And 
vhea the nngle is inside, the breadth of the angle most be inbtncted from 
the diameter, which, in Ibis caw, ii the external diameter, and the drenm* 
ference found in the table narked. " angle iniide." We her* add a table 
of the dimCDiiOQ) of tbe pan* (rf LocoiUDtiTe* 
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TtUfle ofDimennons of the Parts of Locomotive Engines, 



Table of Dimensions of the Parts of LocoMonvE Engines. 




Width of Railway between ndls - - - • 

Diameter of boiler (inside) . . . . 
Length of ditto ..---• 

Thickness of plates . . . . . 

Length of ontside fire-box . . . . 

Breadth of ditto - - - - - 

Depth below boiler . - - - - 

Height above ditto . . . . . 

Thickness of plates . . . . . 

Length of insuie fire-box . . . . 
Breadth of ditto .-.--- 

Thickness of copper plates . . . . 
Extra thickness of ditto fbr insertion of tubes 
From bottom of fire-box to top of fire-bars 
From top of fire-bars to crown of fire-box 

Area of fire-grate in snp. feet . . - - 

Length of smoke-box (mside) . . - - 

Breadth of ditto (ontside) . . . . 

Thickness of tube plate - - . - - 

Ditto of side plates . . . . . 

Diameter of chimney (inside) . . - . 

Height of top of ditto from rails - - - - 

Number of brass tnbes - . . - - 

Exterior of diameter of ditto . . . . 

Thickness of tubes. — Wire gauge . . . 

Distance from centre to centre of tubes - - - 

Diameter of steam dome (inside) . . . 
Height of ditto ------ 

Diameter of safety yalTes - . - - 

Diameter of inside copper steam-pipe . . - 

Thickness of ditto. — Wire gauge - - - 

Diameter of branch steam pipes (inside) - . - 

Diameter of top of blast pipe (inside) - - - 

Diameter of cylinders . - - - . 

Length of stroke . . . . . 

Distance of centres of cylinders - - - - 

Size of steam ports . - . - . 

Ditto of eduction ports - - - - - 

Breadth of bridge between ports . . . 

Lead of slide ytdyes . . . . - 

Ck)ver of ditto ------ 

Distance firom centre of cylinder to centre of steam chest 

Thickness of piston - - - - - 

Diameter of piston rod - - - - - 

Ditto of valve spindle - - - - - 

Ditto of pump ram . . . . . 

I^ength of pump lever - - - - - 

Diameter of ball valves - - - - - 

Ditto of union and suction pipes (inside) 

Diameter of driving wheels . - . . 

Tvres of ditto in centre of tread - - - - 

Diameter of leading wheels - - . - 
Torres of ditto ------ 

Diameter of trailing wheels . . - . 
Tyres of ditto ------ 

Diameter of plain part of cranked axle . - - 

Ditto of inside bearings - - - - - 

Length of ditto ------ 

Radius of ditto ------ 

Diameter of crank pins - - . - - 
Len^h of ditto ..-..- 
Radius of ditto ------ 

Diameter of outside bearings . - - . 
Length of ditto ------ 

Diameter of bosses on axle for eccentrics 

Ditto of ditto for driving wheels - - - 

Length of ditto for ditto . - . . 

Diameter of axle for leading wheels - - . 

Ditto of bearings for ditto . - - . 

Length of ditto for ditto- . . . . 

Diameter of boss for wheels - - - . 

I^ength of boss for ditto - - - - - 

Diameter of axle for trailing wheels - . - 

Ditto of bearing - - - - . 

Length of bearmgs - - - - - 

Diameter of boss for wheels - - - - 

Length of boss - - - . - 

Diameter of boss on axle for ontside cranks 



Belgium. 


Bordeaux and La 
Teste. 


North Midland 
Counties. 


Northern and 
BattemCountles. 


Great Wectem. 


Hartlepool. 


ft. in. 


ft. in. 


ft In. 


ft. in. 


ft. in. 


ft. In. 


4 8) 


4 8i 


4 8 


5 


7 


4 81 


3 4| 


3 1| 


3 7 


3 71 


3 111 


3 51 


8 2 


8 9 


8 6 


8 


8 6 


8 6 


Of 


Oft 


0} 


0] 


0] 


0] 


3 8j 


3 ^ 


4 


4 01 


4 6 


3 7 


4 


3 9| 


4 


4 01 


4 8 


4 1 


2 


1 8 


2 2 


2 2 


2 3 


2 01 


4\ 


not ascertained 


2 7 


2 7 


2 1 
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0} 


Oj 
3 3} 


Of 


0} 


0] 


3 04 
3 4| 


2 8 


3 3f 


3 81 


2 10 


3 2 


3 4f 


3 4f 


3 10} 


3 5 



0} 


0] 


o} 


Of 


01 





0} 


(^ 


Of 


0] 





8 


• •• 


9 


• •• 


9 


8 


3 4i 


• •• 


3 71 


• • • 


• • • 


3 5 


10 2i 


• •• 


11 2 


11 3 


12 10 


9 101 


1 ll| 


1 Hi 


2 1 


2 1 


2 2 




2 1 


3 m 


4 1 


4 2 


4 2f 


5 2 




4 2 


0} 
0\ 


0} 
0^ 


01 

oi 


01 
01 








01 
01 


I 0} 


1 


1 2 


1 2 


1 4 


1 2 


• • • 


13 


14 


13 6 


14 10 


13 6 


86 


94 


123 


121 


131 


105 


2} 


2 


5115 at 2 7 
I 8atliJ 


2 


r 127.at 2 \ 
t and 4 at HJ 


2 


No. 14 


Na 14 


No. 14 


No. 14. 


No. 12 


Na 14 


3 


2] 


2f 


2f 


2{ 


2f 


1 5 


..• 


... 


• •• 


• oe 


1 7 


2 7i 


• •a 


... 


• a* 


• •• 


2 7} 


21 and 3 


3) and 3) 


4 and 4 


4 and 4 


31 and 31 


21 and 3 


5 


5 


61 


61 


61 


61 


No. 10 


No. 10 


• • • 


... 


No. 10 


No. 10 


3} 


3i 


41 


41 


41 


41 


2) 


2J 


" 3 


3 


3J 


3 


1 0) 


I 


1 2 


1 2 


1 3 


1 2 


1 6 


1 6 


1 6 


I 6 


1 6 


1 6 


2 5 


2 5 


2 5 


2 5 


3 


2 5 


11 X 1 


9) X 1 


11 X 1} 


11 X 11 


11 X 11 


11 X 11 


11 X 2 


9| X 2 


11 X 21 


11 X 21 


11 X 2| 


11 X 21* 


0) 


0} 


0} 


0} 


0} 


of 


OA 


oi 


Oft 


Oft 


•.• 


Oft 


Oft 


02 


01 


01 


Of 


Oft 


11 


a*. 


1 01 


1 01 


1 2 


1 0| 


3| 


3| 


4J 


41 


4 


41 


2 


2 


2 


2 


21 


2 


% 


1 


1 


1 


n 


1 


2 


2 


2 


21 


2 


6| 


None • 


6| 


6| 


None 


2S 


2 


2A 


2* 


2* 


21 


1| 


If 


If 


IJ 


21 


^ 


.5 6 


6 


5 


6 


7 


4 6 


... 


6 X If 


7 X If 


7 X If 


51 X 2 


51 X IJ 


3 9 


4 


5 


4 Ot 


4 


4 6 


• •a 


51 X IJ 


6 X If 


6x0 


51 X 2 


51 X If 


3 9 


4 


3 6 


4 


4 


None 


... 


51 X IJ 


6 X li 


6 X If 


51 X 2 




♦1 


5 


61 


51 


61 


5i 


5 


5 


5f 


5f 


H 


51 


S\ and 3 


3 


3J and 3 


31 and 3 


4 


3 


3 and 2) 


21 


2|| X 2ft 


2ft and 211 


51 


2ft 


5 


5 


5f 


5f 


61 


51 


3 


3 


3 


3 


4 


3 


2| 


2? 


2ft 


2ft 


51 


2ft 


*J 


31 


33 


3? 


4 


31 


54 
Gfand 4) 


51 
5 and 5 


5i 
7 and 51 


51 
7 X 51 


6f 
71 and 61 


51 
7x5} 


6J 


61 


H 


61 


71 


61 


H 


7| 


!* 


n 


... 


• 

71 


^ 


4 


5 


^1 


61 and 4f 


4f 


3| 


31 


3f 


3f 


31 


31 


H 


H 


51 


51 


61 


51 


H 

6] 


5 

7 


6} 
81 


51 
7f 


5f 
8 


51 


3] 


4 


H 


4 


61 X 41 




^\ 


31 


3f 


3f 


31 




5, 


51 


51 


51 


61 




4) 


5 


5 


51 


5f 




^ 


7 


8 


7 


8 




None 


None 


4} 


... 


None 
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Table qf Dimensions of the JParts of Locomotive Engines. 



US 



NAME OF RAILWAY. 



Length of boss on axle for outside cranks 
Length of oatside cranks from centre to centre 
Diameter of plain pin on ditto - 
Length of plain pin ... 
Diameter of ball pin ... 
Oatside frame (extreme breadth) 
Length of ditto - . - . 

Depth of fitune sides ... 
Thickness of ditto ... 

Thickness of side plates ... 
Ditto of horn pls^ ... 
Length of driying-wheel springs 
Breadth of ditto - ... 

Number of plates 



Length of leading wheel springs 
Breadth of ditto - 



Number of plates 



Length of trailing-irheel springs 
Bre«4th of ditto - 

Number of plates 



Diameter of eccentrics . - . . . 

Throw of ditto -..--- 
Breadth of ditto (brass hoops) - - . - 

Diameter of Talve gear shafts .... 
Diameter of journals to ditto .... 
LengUi of journal ..... 

Length of slide leyers . . . . . 

Length of fbrk-end levers .... 

Diameter of ferrules . . . . • 

Length of lifting levers ..... 
Length of reversing levers ^ . • • 

Dislinoe between motion bars .... 
Diameter ot ball on cross-head spindle ... 
Diameter of connecting rods In middle ... 
Liside horn bars- . . . - . 

Distanoefromoentreof crank axle to fire-box - 
Distance ftx>m centre of crank axle to centre of leading 

axle ....... 

Distance from centre of crank axle to centre of trailing 

axle ....... 



Belgium, 
ft. in. 

• •• 

None 

•.• 



BordMuxaadliA 

TMt«. 



• • • 



6 4 

18 3 

7 

2 8 

2 at oil 
12ato|j 
ip. 2 2 
3 
2atOA 
11 atO) 
p. 2 2 
3 
2atOA 
8at01 
10{andl2l 

If 

5 
61 

1| 

10 

12 and 10 
8 

• •• 

4x1 
1 6 



EUi 
Elli 

{ 



5 
6 



6 
6 



11. in. 

••• 
None 



•• • 
••• 
••• 



6 
18 



4 
7 



••• 

••• 
••• 
••• 
••• 
••• 
••• 
••• 
••• 
••• 
••• 



lOJ 

ii 

li 

5 
6 and 4^ 

n 

I 

1 

n 

3 

3| X li 
1 6 



6 



H 



North Midland 
Counties. 



ft. in. 

3| 

1 li 

l| 
2 

2tt 
6 5 

18 3 

n 

4 
0| 

2 9 

latO} 
12at0^ 
2 9 

4 
latO) 
UatO^ 
Ellip.2 
3 
latO} 
6atO^ 



1 



1 



1 

Ml 

2i 
IJ 

n 

6 
6 





12 and 10 
7 

2| 

If 
6 

6 

9 



1 



Nortliern and 
BaiteraCountiet. 



ft. 



in. 



Great Western. Hartlepool. 



••• 



6 8 
18 2; 

7 

4 


0| 
2 9 


latOi 
UatOtf 
EUip. 2 
3 


latO{ 
11 atoX 
Ellip.2 
3 


1 atO) 
6at5A 
1 1 


51' 

!! 

n 

6 


6 


1 i» 



12 and 10 

n 



Si X n 
1 6 



n 



ft. 



in. 



None 

•• • 
None 



ft. 
1 



6 
18 



in. 
3* 
U 

1| 
2 

2| 
3i 
3 

4 

Of 

0* 



6 



6 



12) xli; 

If 

2J 
1 



1 
1 



81 X 
1 



3* 
2| 

n 

3 
lOi 



None 



In the construction of the boilers for these engines, the cylindrical pints 
of eadi are fixed to the smoke and fire-boxes, by 2) inch angle irons round 
the upper, and 3 inch angle irons round the lower half of the boiler, firmly 
rivetel with 9 of an inch rivets. The tops of the outside fire-boxes of the 
engines for the North Bfidland, Northern and Eastern Counties, and the 
Gnat Western Railways, are worked into a dome-shaped figure, by which 
means the advantage is obtained of placing the regulator, with its appen- 
dages, immediately over the inside fire-box. The man-hole, being also 
piMed in this dome, admits of a free access to the interior of the boiler. 

The outside fire-boxes for the engines of the Belgium railways, having 
low semicircular tops, the steam domes are fixed on the cylindrical part at 
the boiler, and the regulators fixed to the tube-plate of the smoke-box. 
The innde fire-boxes are formed of copper plates a( the dimensions shown ; 
that portion of the tube-plate, necessary for the insertion of the tubes, 
hang increased in thickness in order to mcrease its stability, as well as to 
assist in the more perfect securing of the tubes. The opening, in the fitmt 
jdate for the smoke-box doors, is, in all respects, sufficiently urge to admit 
of ftiee working room, for the removal and reinstatement of the copper 
tubes of the bouer, as occasion may require. 

In the inside fire-boxes of the en^es for the Great Western Railway, 
there are low hollow partitions, formmg a clear water-space of four inches 
across the box ; in the sides of this box, to which the partition is rivetted, 
a p er t ures, eight, by four inches, are cut so as to allow of the free escape of 
steam fivm wis division. The cylinders in the whole of the engines here 
cnomerBted are fixed in the lower part of the cavi^ of the smoke-box, 
and firmly bolted to the front and back plates, these plates being cut to re- 
ceive the same. The pipes from the eduction ports (excepting in the 
engines for the Great Western Railway) are cast on the body of the cylin- 
ders, and extending across towards the middle, and uniting with its corre- 
•p^MJtng pipe, is strongly bolted thereto ; on the upper surfiices of these 
p^es, inches are cast with an horizontal plane, upon which the blast 
pqws are fixed« The blast pipe of copper, of a conical or pyramidal shape, 
nmed with flanches at the bottom, is placed immediately over the Junction 
of te pipM from the eduction ports, and firmly bolted thereto. 

The pompe are fixed either directly or indirectly to the outer bars of the 
bode mmeworlu as the shape and position of the parts may require ; the 
laiBS of the englnea for the 'Great Western Railway are worked imme- 



diately from the spindle of the cross-head ; those of the North Midland and 
the Belgium engines, by an arm or lever attached to the piston-rod. The 
whole of the valve-gear, as well as the carriages for the cross-head guide- 
bars, are supported in their position by strong iron framework, technically 
called horn ban. These ban extend fit)m the back plate of the smoke-box 
to the front plate of the outside fire-box, and are bolted to lugs fixed thereon 
to receive the ends of the bars. These bars also serve the purpose of stay- 
ing the crank axle by means of horns, which are worked on die bars, and 
in which the bearings are fixed. The inner horn bars of the engines for 
the North Midland, the Belgium, and the North Eastern Railways, extend 
in a parallel direction, from the smoke-box to the extreme len^h of the 
guide-bars ; and fit)m thence obliquely in a T-shaped form, umting with 
each other, and forming, with the two outside horn bars, a third stay to 
the crank axle. 

The construction of the valve-gear of the engine for the Bordeaux and 
La Teste Railway, differs widely in its details from the rest of the engmes 
here noted. The eccentric homes are placed close to each other, in the 
middle of the driving-whecd axle, the end of each eccentric rod being fur- 
nished with a pin on which the fSermles are placed, instead of forked ends, 
as have been hitherto generally adopted. Oq the shaft which gives motion 
to the valve lever is ued a double lever, with forked ends ; in the hollow 
of each fork a socket is formed for the reception of the pin and ferrule on 
the end of the eccentric rod ; and of such depth as to allow the lever to 
have a throw, variable frtun 4^ to 5 inches. Each of these fork-ended 
levers are placed in a vertical position with each other, but acting in opposite 
directions upon the inner end of the valve shaft. The eccentric rod ends 
are connected with a lever on die reversing shaft, by lifting and lowering 
links, which not only admit ot the eccentrics being thrown in or out <^ 
gear, but also allow ot a greater or less degree of travel to the slide-valve, 
by increasing or diminishing Uie throw of the fork-ended lever. The pecu- 
liar advantage of the plan uus adopted is obvious fimn the economy in the 
saving of steam, the travel of the slide being regulated so as to admit of 
no more steam into die cylinder than what is necessary to propel the ennne 
at the velocity required. The link motion, latterly introduced by Mr. 
Stephenson, Ins, to a great extent, superseded the fork-ended levers, and it 
is a greatly preferable arrangement. The Ijpk' motion ii representeii at 
page 238. '^ 
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CHAPTER V. 



MECHANICAL POWER OF STEAM. 



HtTOra eoiuidcnd, M oonddertble length, tbe general prop«itie« of iteam, 
the connection nitMiniag between iti temperature and ita elastic fbree, and 
alio tbediBkreat neani of generating iteam, we maj now proceed to con- 
cider ita mechanical efitoet, or the power of iteam to accompliih a oaeM 
purpoae. The mechanical effect of iteam i> brooght into action in three 
different wbtb, which we may call Generation, Coadeniotian, and Expao- 
eion. The whole of Aim toreea we bronght into opention in an ordinary 
condendng (team engine of modem conilraction ; nevertheleu it may be 
niefU to connder the effect of each leparately. A popular eipoaition will 
■ufflce to illnatrate oar views upon Ihi* mtgecL 
Fij. 173. 



^^ 



n* 



Let A B,7v. 173., be a tube or cylinder, and let ni inppoM that the area of 
the base i> one xquare inch. Let it be luppoeed, also, tlut a piston P moves 
in the cylinder so as to be steam ti^ht, and that there is a cabie inch of 
water between the bottom of the cylinder and the bottom of the piston, so 
tliBl the distance of the piston from the bottom is one inch ; and further, 
that the weight of the piston ij coonterbalsnced bj a weight W actiog over 
the pulley, so that there is no force octins upon the piston, except the 
weight or the nperincnmbent air. Under these cireumsiances, tbe piston, 
being in contact with the water, and conseqaently alt air excluded, it will 
be presaed down by the weight of the atmosphere. If we suppose that the 
prcMnre of the Mmotfbxte la constant, and «qnal to 15 lbs. on the tquare 
inch, then the only pressure on the piston is 15 lbs. ; for ita area is, by 
hypothesis, one square inch. Let the flame of a lamp or other bnming 
substance be now applied to the bottom of the cylinder. The temperature 
of the water will gradually arise, till it has attained a temperature a little 
abore 313° Fahrenheit; and then it wilt begin to boil, since, by supposition, 
it is only subjected to a pressure of IS lbs. per square inch. Tlie sleam will 
gradnollj force up the piston until the water has all eraporated. Now, 
as has been mentioned in a former part of this work, a cubic inch of water 
produce! about 1700 cabic inches of steam at a temperature of 313 ; if, 
therefore, the tube were constructed of sofficieat length, the piston wonld 
rise to abont 1700 inches above tbe base of tbe cylinder. In so doing, it 
must obviously have raised ISlba. to a height of 1700 inches, or ua fbet. 



This represents tbe meehasical force of the steam generated ftvm one 
cabic inch of water attemperatnre 313°. 

It is evident that 15 lbs. raised 143 feet, is eqmvalent to 1 lb. raised 
USxlSfoet, or 3130 feet high, or to 143 x IS -3 130 lbs. raised one foot 
high. Now, one ton is equal to 3340 lbs., which differs Ihun 3130 
only by 1 10 ; so that we ma; say in round nombers, that the evaporation 
of one cubic incb of water, under the eircumstancea we have supposed, 
generatea a force which wonld raise one ton a foot high. The owmentntion 
of volume which any quantity of water undergoes in passing mto iteam, 
nnder the pressure which we have supposed, may easily be remembered, 
from tbe tuicidcntal circumitanoe that water expands to about I73S or 13* 
times its bulk in pasting into steam — as if each of the particles ot steani 
were 13 times more distant from the a^oining particle than happens in 
wtMr. The facts here generally stated may b« readUy retained in the 
memory nnder the following forms : — 

I. A cubic inch of water, evaporated nnder the ordinary otmospherie 
pressure, is converted into about a cubic foot of iteam. 

3. A cubic inch of water, evaporated nnder the atmospheric pressure, 
givel a mechanical force equal to what would raise about a ton weight k 
foot high. 

We now proceed to determine the eSeac; of the steam generated from a 
eertfun qnantily of water, under a pressnre different from that of the at- 
mosphere. Let us suppose the piston P to be restored again to its original 
position, with the water below it i and, in addition to the weigfal of die 
atmosphere which before pressed it down, let us suppose another weight ot 
15 lbs. placed upon it, so that the water is now pressed by a force of 30 lb*. 
If fire were now to be applied to the cylinder, the temperature of the water 
would gradually rise till the bcnling commenced. It is well known that the 
temperature would be higher in this cose than the previous one. The boil- 
ing point for the ordinary atmospberic pressure is 312°, but for two atmo- 
spheres it is shown by eipeioment to be about 350°. When the temperature 
<^ the water had risen to 350°, the piston would then begin to ascend, and 
the water to be gradually converted into steam. Afler the water has com- 
pletely evaporated, it will be found that tbe piston stands about 73 feet 
above the base of the cylinder, or a littie more than half its height in the 
previons case. Talcing it for the present, as granted, that it is exactiy one 
half the former height, then it is obvious that tbe mechanical effect of 
the steam is the some as formerly, since it is equivalent to double the 
former weight nused one half the former height 

Again, suppose the piston to be restored (o its original position ; and 
suppose it to be loaded with 30 lbs i so that the water is subjected to the 
pressure of three atmospheres. Then applying the heat as fotmerlj, it 
would t>e found that when the water has whdly evaporated, the piston 
would stand a tittle more than 47 f^t high. So that in this case tlie 
mechanical effect is very nearly the same, since a triple weight is only 
raised one third the hdght. 

In general, as the pressure on the piston is increased, the height to which 
the piston would tie rused by the evaporation of the water will be 
diminished, aud that very nearly in the same proportion, so that at what- 
ever temperature steam is generated, an eqnal bulk of water prodncea very 
nearly an equal omonnt of mechanical force. In the first case, however, it 
is to be remarked, the pressure of the atmosphere has only been overcome, 
and therefore the piston with such a pressure could exert no effective 
power. The loss from this source lieconies leu as ibe pressure ia increased, 
and in locomotive engines the loss from the almoapheric pressure is tittle 
more than that ariiung from the rare vapour in condensing engines. 

In the preceding remarks we have mentioned that the height to which the 
piston is raited, is not exactiy inversely proportional to the pressure, leaving 
out of the account the toss arising tram tbe presence of the atmospheiw. 
The difference arises from the difference in the temperatures at the oom- 
meucement of (he formation of steam. If (he temperature at which the 
water is converted into Keain, under the different pressures which w* bare 
supposed, continued constant, then the height (o which (he piston wonld be 
raised by (he evaporation of tbe water would be diminished in precisely 
the same proportion as the pressure on the piston is increased. In that 
cose the mechanical effest <^ a determinate quautit; ^ water wonld remain 
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eiactl; tbe lame under wlmleTeT prenore tb« mtti misht be boiled, inp- 
po«mg that there were a Tscunin aboTC tbe piilon. Bat tince the wUer 
boili at different temperatnres, tbe mechanicat effect of a giien Tolume of 
■team rarlea — ■lighlJjr increasing with the prenare. It woold appear 
ttom thia that the most advaatageuu deielopment of the pover of ateam 
iiobtuned by ulng iteam with a great elasticity; and thi>,>o &r ai it goes. 
would leem to say that the most economical application of ateam obtaina in 
a high-preasure engine. It may easily be shown, however, that the su- 
periority from this caoae ia very email indeed. Tbns applying tbe received 
lawa, it ii (bund by a umple calculation that the lemperaturea being 
■oecettively 

434° I Theory indicates that tbe 
636° S-mechanical effect would t 
IU60° I proportioual lo the number. 

aiiaoj 

So that the maiimnm effect of * detemunate qnantity of heat 
bnttible, employed in generating steam at 424° or 15 atmospheres of 
preaanre, ia about one-lhird more than the maiimom effect correaponding 
to the case in which ateam is generated at 213". or at one atmoaphere at 
prevure. To obuin the doable of this latter etCea the steam most be 
geneialed at a higher temperature than 636°, that ia to ay, under a greater 
presmre than B5 atmospherea. Hence we may conclude from these reaulta, 
that there can be very little advantage in respect oT economy of fuel in 

Enerating steam at very high preaiures. We ih&ll expUin ailerwarda tbe 
* according to which the variation of temperature in the water and ateam 
modifiea the mechanical effect In the meantime, however, as the effect is 
very nearly constant, especially within the limits of practice, it may be 
useful to remember the following important practical conclusion. 

** A cubic inch of water convened into ateam will supply a mechanical 
force very nearly eqoal to a ton weight raised a foot high ; and this force 
will not be subject lo conuderable variation, whatever be the temperatnre 
or pressure at which the water may be evaporated, provided the steam 
does not act expansively, and that there is a lacuiun above the piston." 

We have shown in page 43., fbrmnla (U), that the volume of ateam 
generated from a unit m water, at temperaiure I and corresponding pres- 
sure/ if, 

7567 (459 + 
/ 
wbere t espiessei the temperature on Fahrenheit's scale, and / the elastic 
Smm of ttcam corresponding to temperature t, as measured in inches of 
merc n ry. Hence, if P denote tbe whole pressure upon the water, ex* 
prcMed in lbs., that is to say, the load.*- the almocpherio preasure, then, 
lor the mechanical effect of a cubic foot of water converted into steam 
at temperature (, we have P lbs. raised 75'67 (4S9 + t)-i-/tti!t hish, or P x 
7i-«H*59 + t)-i-f\bt.niKd oue foot high. Kow a height of /inches of 
nercurj produces a pressure of 707G x /lbs. on a square fool; hence P— 
70-7fi x/. The mechanical force of the steam generated from a cubic 
fcot of waler, at temperature t, ia therefore represented by 

70-7S x/x 7S'67 kC^S9 + V»- 
raised one foot high. By a little reduc^on we find, far tbe effect of a cubic 
feotofsleamgeneratedunderthe supposed circumstances, 53S4 (459 + r)lb«. 
raised one foot high. This effect, we perceive, depends upon the tempera- 
tare, and increases with it ; but the increase ia but small, especiaUy within 
the limits of the pressures used in practice. Thus we may find what tem. 
pentnie ateam ought to be genettited at in order to produce double the 
mechanical effect of ateam, geoerated fh>Qi the aame quantity of water, at 
the ordinary atmoepberic presaare. It may be fbond, from the equation, 
(4-459-3 (459+S13)) 
or, f— 459 + 2x313=459 4-434:^883°. 
This corresponda to an elastic force of about 1194 atmospheres, or 17910 lbs. 
Mr sqnMe inch — a pressure very much exceeding any used in practice. 
It is obvious, however, that this increased mechimical force is, so far as 
it goes, an argument in favour of the superiority of ttaoae engines which 
oae steam of a high pressure ; but, if we consider that steam at an elevated 
temperaiure it likely to lose more of its elasticity fh>m diaperaion than 
stewa of a low pressure, and also the increased dangers and expense of 
Idg^-pressure engines, we may cooclode that the advantage is in favour of 
the other system. We may remark that, in the above estimate of the 
^rrhinirnl effect of steam, we have neglected to consider the reduction 
■rising from friction, waste, dispersion, and other circumstances which in i 
practice modify the result. I 

In illustrating the mechanical power of steam as brought into action by ' 
eondenastion, we shall use the same figure. Suppose that when the steam 
W rwsed the piston to U3 feet above the base of the cylinder, it were I 
suddenly condensed, it is obvious that the piston would be impelled with a 
litce equal to the pressure of the atmosphere on the piston, and through a 
bd^t equal to that through which the piston bad betm raised by tbe gene- 
ntumof ihesteam. In descending it isobvionsthat tbe piston would raise 
a weight attaobed to it equal to that due to the atmospheric pressure, and 
thnM^ a height exactly equal to the maximum height of the piston above 
As base of the cylinder. If a weight were placed upon the piston in Addition 
tt dw aUnaspberiG pressure, then, as we said foimerly, the piston would not 



rise to such a height, and couaeqnently upon condensation the weight would 
not be raised so high either ; but to compensate for the deficiency the weight 
raised would be greater, and that very nearly in the same proportion. 
Hence the neclianical power of the steam of a given quantity of water as 
developed by condensation continues very nearly constant whatever be the 
force at which it is generated, the difference being in fkvour of the greatest 
pressure. We see front this that the mechanical power of the steam of a 
given quantity of water is tbe same, whether it be developed by generation 
or by momentary condeusalion, and that it remains very nearly constant 
whatever be ihe temperature of the steam. 

In estimating the effect of condensation, we have supposed it lo be 
momentary and complete. It is well known, however, that m practice this 
can never be the case. If the steam be slowly condensed, as it would be 
by applying external cold, with insufficient cooling sur&ce, the effect 
would be much reduced ; because the moving force at any period of the 
stroke would be only the difference between ue elastic fbrce of the steam 
and the atmospheric pressure. This does not, however, cause a senaible 
deviation fWim the ratio of the power, it being proportional to the space the 
steam occupies. 

Before leaving this we may illustrate the method of develonng the 
mechanical force of steam in tbe common high-pressure engine. Suppose, 
as in the last ease, that a loaded piston has been laised, and that, instead of 
the steam being condensed, that a valve has been opened which allows it to 
escape ; then obviously the power which would have resulted tnan the con- 
densation will be lost. This loss is measured by the pressure of the 
atmosphere acting through the height to which the piston was rused by 
the steam ; and, as the greater the elastic force of the steam the less the 
height to which the piston is raised by the same weight of steam, it is 
obvious that the loss is smaller according aa the temperature is greater. 11, 
however, the valve aperture be too small, then the steam does not escape 
with tbe requisite rapidity, and a part of the load is applied to force it out, 
which is just so much of the effective force of the steam lost 

It is well known that tbe condensation is never complete, and there- 
fore it may be necessary to estimate Ihe resistance which the vapour offers. 
Now the resistance of the imperfectly-condensed steam acts through the 
whole space which it occupies in its elastic state ; that is, as we have shown, 
through 

Hence, if/, denote Ihe elastic force of the vapour as measured in inches 
of mercury, and tlierefore 70-75/, as measured in lbs. per square foot, 
then the mechanical effect of the imcradetised vapour ia represented by 
7567(4S9 4-() 



/ 



X 70-75/, 



lbs. raised one foot Hence, neglecting the waste and friction of the piston, 
we have for Ihe mechanical effect of one cubic foot of water, as developed 
by condensation, 

(489 + Q(/-/) 



4(459)+! '"/}" 



/ 



Iba. raised one foot Before leaving this, we may also estimate the toss 
resulting from friction of tbe piston. Let / denote Ibe friction of tbe 
piston, which Iriction we suppose constant ft is obvious that this friction 
operates in exactly the same manner as the uncondensed steam. The 
mechanical loss resulting from it will therefore be represented by 
5354(459 + 0/, 
/ 
lbs. raised one foot. Hen«e the mechanical eCEeet of a cubic fcxM of water, 
as developed by condensing the corresponding quantity of steam, is repre- 
sented by 

5354 (459 + 0|l -•^■^) =5354 (459 + tU^ 



lbs. raised one fimt Theae fbrmulce or equations have been detenuined on 
the anpposition that exactly a cnbic foot of water waa used ; but we may 
obviously find the mechanical eff'ect of any quantity of water, by merely 
multiplying by the namber of cubic feet — We may now proceed (o illus- 
trate the power of steam aa developed by eipanaion. 



The mechanical effect of expansion is most readily determined by the 
principles of the Integral Calculus, and we prefer ■ recourw to that analysis 
ou tbe present occasion. Steam, like all other gases, follows tbe law of 
Jtfariotte, which may be staled in the following words: — "Tbe volume 
of a given qnantity of gas is inversely proportional to the pressure to which 
it ia subjected." Before this law can be applied rigorously to steam, it b 
necessary to sappose the temperature constant throngbout the whole ex- 
paniioQ — a suppoeition which, though not atrictiy correct, is so nearij 
tme that we may reason upon it without material error 

This law of Manotte, it will be observed, is virtually the same as that 
stated at page 13., via. that the pressure of all elastic fluids varies inversely 
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as the spaces tbey are made to occupy. Thos, if a cubic foot of air or 
steam of the atmospheric density be compressed into the space of half a 
cabic foot, the pressure will be increased from 15 lbs. on the square inch 
to SO. It is easy, therefore, in an engine -working expansively, when the 
initial preraure of the steam is known, and the part of the stroke at which 
the steam is cutoff, to compute the terminal and all intermediate pressures, 
and the total force thus exerted during a stroke may be found approxi- 
mately with sufficient nearness for practical purposes. Thus, if an engine 
works with steam of 25 lbs. pressure above the atmosphere, the total pres- 
sure per square inch upon the piston at the commencement of the stroke 
will be 25 + 15a40 Ibc, and if the steam be cut off at one-fourth of the 
stroke the dense steam admitted horn the boiler will, at the termination of 
the stroke, have expanded into four times its original bulk, and its pressure 
will have been diminished to 10 lbs. on each square inch of the piston, 
being 5 lbs. below the atmospheric pressure. The pressure within the 
cylinder at half-stroke, when the steam has expanded into twice its original 
bulk, will be 20 lbs on the square inch, and its pressure at any other point 
may be easily computed, as it will just vary inversely as the space occupied. 
The figure given at ^e 12., shows the method of computing the pressure 
of the steam at the different stages •f the stroke, the pressure of the dense 
steam entering from the boiler being taken as unity. We shall, however, 
give another figure to illustrate our present observations. 

If a loaded piston be raised, by the couTcrsion of a giyen quantity of 
water into steam, to the height corresponding to the load and temperature, 
then, if a part of the load be removed, the steam will expand until its elastic 
force balances the remaining load, together with the atmospheric pressure. 
It is obyious that the mechanical power, thus developed, is a complete gain. 
Thus it may be shown that when the steam is of high elastic force, and 
the load is entirely removed so as to allow the steam to expand till its 
elastic force balances the atmosphere, its mechanical effect is doubled by 
the arrangement. This is not, however, the most efficacious method of 
applying the principle of expansion. It may be developed with greater 
advantage i^ mstead of removing the weight at once, it be removed by 
degrees, allowing at each time the steam to expand till its elastic force 
balances the remaining load. We must, however, dismissing these general 
considerations, now show the method of calculating the mechanical effect 
gained by this method of working steam engines* which is one of the most 
important topics of whieli^fefaweto treat 

Fig. 174. 




Suppose that when the piston is in the position E E„ fig, 174., the Water 
is all converted into steam, equilibrium will then be established. If now the 
load be gradually removed, the steam will gradually expand ; and, as we 
said before, all tiie additional weight thus raised is so much mechanical 
power gained. The elasticity of the steam continually diminishing accord- 
ing to the law of Mariotte, let O E| represent the volume in expanding, 
and £ £, the elastic force at the commencement of the expansion, and O S 
the volume, and P M the elastic force, after a part of the expansion : then, 
acxK>rding to the law of Mariotte, we have 



or, 

and therefore. 
Putting 



OS:OE, :: EE, :PM; 
OM:OE::EE,:PM; 
OMxPM^OExEEp 



0M=4r, PM=y, and area OE|=a«, 
this equation becomes 

Those oouTcrsant with the theory of curves will perceive that this is the 
equation of the equilateral hyperbola referred to its asymptotes. 

In order that the piston should remain at rest in the position S 31, 
it is necessary that the pressure upon the piston should equal ^e elastic 
force of the steam. If tlie load upon the piston be in the smallest degree 
below this, the piston will be forc^ up till the increased expansion has so 
diminished the elastic forceof the steam as just to balance thediminished load. 
Suppose, however, that the equilibrium is established, and that the piston 
remains at rest in the position S M. Let so much of the weight at once be re- 
moved as to allow the piston to move up to the position Q N. Then it is ob- 
vious that the mechanical effect gained by the generation of the steam only, 
has the same proportion to the mechanical effect gained by this small degree 
of expansion, as the rectangle O E^ has to the rectangle Q N x M N. The 
mechanical effect gained by removing at once the load necessary to allow 
the piston to take the position Q N, is smaller than what would be gained 
by taking the load off gradually. The loss proceeding firom this cause will 
be less as compared with the mechanical effect gained, in proportion as 
N M is diminished, so that, to use the language of £e Infinitesimal Calculus, 
if N M be infinitely small, then the loss will be nothing at all. When 
N M is infinitely small, then the rectangle Q N x N M is equal to the area 
Q N M P. Following out this reasoning, we find that if we represent the 
mechanical effect gained by generation, by the area O Ep then the 
mechanical effect gained by the expansion from O £ to O S is represented 
by the area £, P M E. It is shown by mathematical writers, that the area 
£, PME is equal to the area OEj multiplied by the hyperbolic loga- 
rithm of OM-rOE. Hence it is not difficult to determine the effect of 
any given amount of expansion. 

In what precedes we have endeavoured to illustrate by a geometrical 
figure the amount of mechanical effect gained by expansion. We have 
chosen this method, because a sensible representation generally makes a 
more vivid and lasting impression than abstract reasoning. In order, 
however, that our readers may be made fully master of that which is 
generally considered so great a puzzle to the tyro, we proceed to consider it 
in a somewhat different light. 

Let b denote either the bulk of the steam or the height through which 
the piston has risen, supposing the area of the base to be one square foot, 
before the expansive pressure is applied, and p its force, or the load on the 
piston, including the atmospheric pressure ; let x denote its volume after a 
certain amount of expansion, then we find, the proper load or force firom 
the above-mentioned law, which gives us the analogy 

X '.h : : p : force after expansion to bulk x. 
This gives us 

force after expansion to bulk x^^ 

X 

Now, suppose, in accordance with the spirit of the infinitesimal calculus, 
that the force continues constant through a very small expansion denoted 
\iy dx\ then the mechanical effect gained by this expansion will be repre- 
sented by ^ dx. If we could sum these firom x»6 to x^x^ we would 

X 

find the mechanical effect gained by the corresponding expansion ; it is this 
summation which the integral calculus effects. Adopting the notation of 
the integral calculus we obtain, for the mechanical effect of the expansion 
fh>m volume 6 to volume x, the expression 



ft 



'h' 



In this expression log« -^ denotes the logarithm of the quantity x -7-6 in 

the system whose base is eB2*7 182818 ; that is, the common hjrperbdic loga- 
rithms, a table of which we have given at page 25. We may express 
this result in a form more suited for practical application. Suppose the 
volume of steam before expansion to be to the volume after expansion in 
the proportion of 1 to n ; in other words let x an 6, then remembering that, 
as we have shown previously, 

p 6-5854(459 + 
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we find for the ineeliuical effect of Ihe eipansioD E poond* raised one foot 
high, vbere 

E^5354 («S9 + ><>?,"■ 
We learn ttma thit that not onlj is mechuiical efTect gnined \>j xismg 
expaoaion, but that there ig no limit to this gain, if steam be sapposed 
to be infinitely expansible, other than the inconvenience* arising from 
the loo eilensiTe applicatioa of the principle in practice. The above 
fonnula vilt be uaeflil for delenniniag the amonnt of mechanical effect 
gained by cutting off tlie steam at different puts of the stroke. To ia- 
eilitate the application of this formula we shall just state the values of 
n when the sleam is cut off at different parts of the stroke. If the steam 
be cat off at I stroke, then n — ! ) if tbe steam be cat off at { stroke, . 
then n—3 ; and generally, if steam be cut off at — stroke; then b bhi, o 
more generally still, if tbe steam be cnt off at ^ stroke, then n ■> | ' 

Tbe mechanical effect of a cabic foot of water converted into steam, ant 
then allowed to expand to n times its volume, is therefore represented bj 
£39-1(459 + {l + log.Bt 
' " e foot high. 



by the result when eipansioD is not used (53S4 x (159 +t)j. Theqaotieot 
is 1 + log, n. By using the table of hyperbolic logarithms, which we have 
giren at page 25., we can very easily find the effi^cl of the expansion, To 
■Untmie the method, suppose it were required to find how much the effect 
of the steam was moltiplied by catting il off at j stroke. Id this case n— ]— 
■■3. Tbe hyperbolic logaritbm of ttus number is '3. Hence the effect of 
tbe steam is multiplied 1'3 times. As another example, suppose the steam 
wu cut off at ^ stroke. In this case, a-j— 7-5. Thehyperbolic logarithm 
{^this number is S'OIS. Heace the effect of the steam is multiplied 3019 

We ma; now consider the results of tbe expansive principle when used 
in combination with condensation. It is obvious (hat wheu the exfanuve 
prinoipie is applied, that ia, if the sleam be to expand during its aciion on 
the piston, an increased length of cylinder is necessary. Tbe friction of 
the piston, and the rebalance of the uncondensed vapour, therefore act 
through a greater space ; a reduction of tbe gross effect will therefore 
fiiUow ftom this cause which, so far as we have gone, we have totally over- 
looked. The total mechanical effect of a cubic foot of water converted into 
•team, uiiDg expansion and condensation, and making allowance for waste 
(or friction of the piston, Sec, and for resistance of the ancondented steam, 
will be represented by 

5354 <4S9 -f f 1 + log, n 

lbs. railed one foot high. 

Since the mechanical effect increases with the extent of expansion, and 
the mechanical loss resulting from the friction of the piston sod the 
restitance of the imperfectly condensed steam also increase with tbe ex- 
pansion, it is obvious that there must be a certain expansion which gives 
the maximum effect. This will be found by rendering the preceding 

quantity a maximuni, which obtains when log" ■ j. ■ " * 



■ (/i*/. i 



^'}- 



mom. It may be shown by tbe ordinary rules for n 
that this obtains when 



/ 






II have for the 



Consequently, inserting this value of a, we sb 
effect of the steam generated from a cubic foot 

5354 (459 + 0* log. j^'" 

Rm. raised one fboL 

Suppoalng that in weil constructed engines there is a loss of ^ of the 
steam by the waste spaces and otherwise; then io = l — ^ = -9, and we have 
for the i"«viTnmn mechanical effect of the steam of a cubic foot of water 
in the be*t constmcled engines 

4819 (459 + 'log, y.^ 

Dia. raised one foot high. 

If we take (he same proportion of waste, we find for tbe maximam effect 
of steam when not used expansively 
4819 (• 



formulas show, however, that the mechanical effect of the steam of a given 
quBDtily of water increases as the temperature at which the steam is ge- 
nerated; and as the same quantity of fuel converts the same quantity of 
water into steam, whatever be (be pressure, at least if the doctrine be con- 
ceded that the sum of the latent and sensible heats of common steam form 
nearly a constant quantity, it would seem that the must advantageous use 
of steam is obtained by generating it at high temperatures. It may be 
observed, however, that within the limits of practice, the advantage gained 
by high pressure steam used without expansion is very small, so small 
indeed as not to compensate for the increased dangers attendant opon the 
use of steam of great elastic force. 

We may here give a table of some of tbe properties of steam, and of iu 
mecbauical effects at different pressures. This table may help to solva 
many problems respecting the mechanical effect of steam, osually requiring 
much laborious c«leulaiion. 
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foot high. Sobtracting this fVtnn the fbrmer, we obtain for 

gain by expansion 

4819(459 + {'"K-J^+^T^- '} 
foot lugh. 



It is qnite dear that although there is no thooretical limit to (he benefit 
derivable from expansion, there must be a limit in practice, arising from 
the friction incidental to the use of very large cylinders, (he magnitude of 
the deduction due to nncondeuseS vapour when the steam is of a very low 
pressure, and other circumstances wluch it is needless to relate. It is clear, 
too, that while the efficiency of the sleam is increased by eipanuve action, 
the efficiency of the engine is diminished, unless the pressure of the sleam 
or the speed of the piston be increased correspondingly ; and that an eogine 
of any given aiie will not exert the same power if made to operate expan- 
sively without any other alteration that would have been realised if the 
engine had been worked witb the iiill pressure of the steam. In the Cornish 
engines, which work with steam of 40 lbs on the inch, the steam is cut off 
at one twelfth of the stroke ; but if the steam were cut off at one twelfth 
of tbe stroke in engines employing a very low pressure, it would probably be 
found that there would be a loss rather than a gain from carrying the expan- 
sion BO far, as the benefit might be more 'T"" neutralised by the friction 
incidental to the asc of so large a cylinder as would be necessary to accom- 
plish this expansion, and unless the vacuum were a very good one there 
would be bul little difference between the pressure of the steam at the end 
of Ihe stroke and (he pressure of the vapour in the condenser, so that the 
urging force might not at that point be sufficient to overcome the frictioiL 
In practice, therefore, in particular cases, expansion may be carried too ttr, 
though theoretically tbe amonnt of the benefit increases with the amonnt 
of the expanaioo. 

The preceding investigBtiona, coupled with the remarks on the subject 
of expansion given in pages 12 and 94., will probably make the question 
tolerably plain to most readers \ but we must here introduce a simple prac- 
tical rule to enable those who may not be familiar with mathematical 
symbols to determine the amount of benefit due to any particidar measure 
of expansion. When expansion is performed by an expansion valve, it !• 
an easy thing to ascertua at what point of the s(rolie the valve is shot by 
the cam, and where expansion is performed by the slide valve the amonnt 
of expansion is easily determinable by the rule* or tables given at pages 
69 and 90, when the lap and stroke of the valve are known. 

To find tie lucrtOK of Efficiency arin'ngjnm Koriiiig Simm erparuindg. 

RuLS—DiriiUVuHolallngAo/thettroh by Ihe dialance (which caJI X) 
Ihnmgfi which Ifit pUiOH mcva htfare the ileam iicvlnff. The Ntptrian 
kgaril/m of At whole ttrohe eipreaed in lertiu of Ihe pari of Ihe itroAs 
prrfomed with Ihe fuli pmiurt of ilean, repreteati iht tnrrcoM of 
^guieiuy dm to expamion. 



JUeehanieal Power of Steam — as applied Ut produce Rotatory Motum. 



EiampU I. Soppote that ibe preisure of the iteam working in eogioe 
ia 45 lb«. OD the sqiure inch above the atnioiphere, tnd tliat the ateun ii 
cul off M one fonrth of the itioke -, vbat ii the increaw of eSoiencf das to 
tlUB meaiure of eipBciion ? 

If ooe fborth b« reckoned u 1, then four foortfaB mnit be taken ai 4, and 
by reference to page 35. the Neperiao or hyperbolic loganlhin of 4 will be 
toond to he I '3S6, which is the increaie of efficiency. The total efficiency 
of the quantity of steam expended daring i. Mroke, therefore, which with- 
out expansion wonld have been I, becomes !-3B6 when eipanded bio 4 
times its bulk, or, in round nambers, 2'4, as stated at page 13. 

ExampU II. Lei the preatare of the *team be the same as in the last 
•xample, and let the iteun be cat off at half-Mioke : wbftl, then, i« the in- 
crease of efficiency? 

Here half the stroke is to be reckoned as I, and the whole stroke has 
Iherefbre to be reckoned aa 3. The hyperbolic logariihm of 3 is -693, 
which is the increase of efficiency, and the total etEciencj of the stroke is 
1-693, or 1-7 u stated at page 13. 

We may here give a (able to iUoftrate the mechanical effect of ateam 
uDdeT rarying circnmstances. The table shows the mechanical effect of 
the steam generated from a eabic inch of water. Odt fhrmnla gives the 
eff^ of a cubic foot of water ; bnt it can be modified to give the effect of 
the steam of a cubic inch by dividing by 1738. In this manner we find, 
for the mechanical effect of the steam of a cubic inch of water, about 3 
(459 * 1) lbs. nused one foot high. The table shows that the mechanical 
effect increases with the tempetmture. The increase ia very rapid for 
temperatures below 213°) but for temperatures above this the increase is 
teas i and for the temperatures nsed in practice we may consider, without 
any material error, the mecbanical effect as constsjic. 
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Befbre leaving this part of our subject, it may be useful to eiamioe tht 
mechanical effect of steam as employed to produce rotatory motion. We 
think it the more advJuble to pursoe this iDvenigatioD, on account of the 
misconception that has prevailed upon the subject. In a great m^ority of 
the cases in which steam is employed, it is for the purpose of producing 
rotatory motion. In the common reciprocating engine the rotatory motion 
is produced by the agency of the crank. Upon a cursory examination of 
the principle of the crank, it would seem that it absorbs a great amount of 
the meehaoical effect of the steam, a great part of the effect of the steam 
beiog employed tojiroduce a useless prvMore. Engineers of some celebrity 
have fallen into this error, imagining that in this case the machinery ab- 
sorbed power instead of merely transmitting it ; and thus controverting that 
great principle upon which we may consider mechanical science as founded, 
vii. that machinery or solid matter in general may obey force and modify 
it, but it can never either create or consimic it. Many engineers, however, 
who were perfectly aware of the generality of the law we have mentionedi, 
and perceived that it enbaiited m the case of the crank, have imagined 
that a theoretical benefit wonld be gained if the rotatory motion were pro- 
duced by the direct action of eteam, instead of being obtained by the in- 
tervention of so many moving parts for converting ibe rectilineal motion 
produced by steam into a rotatory one ; but it is not difficnll to show that 
power is neither lost by the crank nor.by the direct action of the steam in 
a rotatory engine, and that thongh a good tvtalory engine may be a de- 
sidemtiun for specific applications, yet that no theoretical gain or lost ia 
attributable to its eroployment. Starting from the great law we have men- 
tioned of the inactivi^ of matter, we may conclude at once that, in theory, 
the power of the steam, as developed by that class of rotatory engince 
which me the revolving piston, is exactly the same as in the common 
engine pocsesung (he cylinder, for the revolving piston in the rotatory 
enpne is merely a piece of mailer, and, as such, cannot absorb power more 
thui the piston in the common engine, on the supposition that the loss re- 
sulting from fHction is the same in both. We are anrprised thai TredgoU 
hM iMt si^t of this very aimple and general principle, but we shall here 
show that hia coucIumoq that there is always a loss of power in the rotatory 
engine, extending in some cases to the amonnt of J the power, ia follaciona. 

Let^. 175. represent a part of the cylinder osed in that class of rotatory 
engtaes which nae revolving pistona. Suppose, for the sake of umpUeily, 




V 



that the area at A B ia one square foot, and that A B D C contuns a 
cnbic foot of water. Suppose, also, that D C is loaded with a weight snch, 
that together with the atmospheric preaanre, the force npon D C will be 
70-75/ Iba. Let the water now be heated, it will begin (o boil whenever it 
lUtaina a temperature ( corresponding to /; and as we have shown for- 
merly, the volume will be 75-67 (459 + i).r-/ cubic feet Let ABFE re- 
gcsenl the volume it now occupies. The content of this volome i* A B x 
J. Hence G3 = 75-67 C4S9-t04-/linealfeet i the mechanical power of 
the steam as developed in this cylinder ia therefore represented by 70-75/ 
raised 75-67 (459 + ()-?-/lineal feet i or 5354 (459 -t () lbs. raised one foot. 
exuitlytheaame power asm the common cylinder. In &ct. rotatory engines 



with revolving pisioiks are, theoretically speaking, as well calculated 
(tract the mechanical foree of the steam aa the 
engines ( and wonld be likely to liirnish a 



reciprocatm^ 



for the great increase of (Miction. This has hitherto operated as a 
barrier to their application, and is likely slill to do so in the case of sta^cal 
engines. The common reciprocating engine poaseaaes great aoperiority 
over its competitor in simplicity of parts, in facility of oonstmetion, pre- 
cision and uniformity of action, and durability and economy in use ; and 
this aoperiority ia not counterbalanced by any real advantage in the rotatory 
engine aa hitherto contrived. Hneh talent haa been waated in imsnec<M(hl 
attempta to remove the great disadvantages under which the rotatory en- 
gine labours ; and, although the fi»mation of* ^ood rotatory engine would 
no doubt be a deaideratum, we have no expectation such an engme viU ba 
foond that will iiperate on a itatioal principle with socceu. 
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In the wbole of the precediog raiurki it ii to bo bune in mind that a 
dudatrtion ii to be made in Che caie of bigh preafore enginea, for the prea- 
■DK of the atnuxphere ; and the doctrine that abont Ch« aame mechanical 
pover U exerted bj the same weight of iteam operating vithoat expanaion, 
or with the ume degree of eipanaion, ii only troe when the preatore 
of the atmoaphere ia tabtrveted, u in the Cl«e of a condeniing engine, 
and where the Friaion is left out of the accoont Engines may be 
divided into two great clauei or genera, depending on the clrcnmitance 
of condeoaation being naed or not. Hnginei in which condenaatioTi 
ia oaed, are termed condensing engine! ; while enginea ia which 
■e called non-condeniing engine!. Theae two 



the aafety valve is aeldom loaded with more than 6 Ibt. on the aqoan 
inch. For thli reason a condensing esgine is often termed a low pressure 
engine ; while, if the condensing apparatui be dispoiaed with, the pittm 
will always be reusted by a fbrce eqnal to the atmospheric pressure, and 
the only part of the steam pressure whioh will be available as a moving 

Eiwer, ia that part by which it exceeds the pressure of the atmosphere, 
ence, in engines which do cot work by condensation, ttesm of a mach 
higher pressure than that of the atmosphere is necessary ; and for this 
reason non-eondenaing engines are called high pressure engines. The 
terms lugh pressore engines, and low pressure engines may be very much 
olijected to, at calculated to mialead ; for, although in general the steam 
used in a non-ooodenung engine haa a greater elastic force than the steam 
naed in a condenung engine, it is by no means necessary that the iteam 
nsed in condenung engine should be at a low pressure. Nor indeed is it 
always so. In the condennng eng^es constmcted on the principle of 
Wttt, the tteam Is sometimea geneisted at a pressure 5 lbs. per iqaare inch 
ic pressure, and in Woolf 'a engines the steam 
■e of Wlha. on the square inch, '' ' "'" 
efficacy of the Cornish en^nei 
the use of high pressure steam nsed eipanurely ', and 
use of steam of a considerable pressure is exp^ient, as it enables the 
steam to work very expansively withoot involving the use of engines of 
peat cost and inconvenient dimensions, which, moreover, would lose power 
in (Hetinn, and by the resistance due to the oncondensed vapour. 

Of all the expedients for economising fuel ta steam engines, expansion is 
that which his been attended with most success ; yet various other resources 
have been tried in the application of the eteam, or ia the Bubstitation for 
steam of some other elastic fluid. We hsvB already given at page 93 an in- 
vntigation of the effect of surcharging steam with heat, by which it appears 
that there is a slight economy attainable thereby. The boiling point of 
alcohol and varions other liquids being lower than that of water, many 
persons have supposed that a material economy would be realised by the 
use of their vapours in working an engine, especially as many of them were 
found to he evaporated with a less expenditure of heat But it appears that 
there is no real economy arising from the use of those liquids, ss the volumes 
of their respective vapours are less in the proportion of the smallness of the 
supply of fuel requinle for their evaporation. This boiliog point of water 
being a 1 as the boiling point of alcohol is 173°, of sulphoret of carbon 116°, 
and of solphnric ether 104° ; but whereas the volume of the vapour of anl- 
phoric ether at the boiling point is only 220 times greater than the volume 
of the liquid from which it was generated, of snlphuret of carbon 440 times, 
and of alcohol 476 times, the balk of sleam is I72S times greater than that 
of the water out of which it was fonned, and the larger volume fully com- 
pensates for the larger quantity of fuel requisite for its evaporation. Sir 
Humphrey Davy, many years ago, anticipated from the use of liquid car- 
bonic acid, and other luiuefled gases, an important economy of ^el ; but 
thon^ the vapours of those liquids exert a great pressure, with a slight 
addition to the temperature, they operate only through a small space, and 
if Ae Sre were to be applied to them there would probably be no eco- 
nomy. But an economy may be realised by beating those gases by the 
wacta water or the condensing steam. 



»i«hu 

Hence, the best proportions for avoiding this loss may be found by solving 
the problem — " Required the cylinder which, having a given capacity, has, 
M the same tune, the least snr&ce." Tredgold considering that the con- 
eave •nrftcs is only brought gradually into contact with the stesm, and 
therefore, as may he shown, producing only the same effect ss half the same 
so&oe continually in contact, Ends the best proportion by solving the pro- 
Uem— " Required the cylinder c^ a given capacity, such that the areas of 
Its two ends, together with one half the surfsce of its aides, may be a mini- 
mum." The proportion given by the solution of this problem is the length 
of the stroke to be equal to twice the diameter of the cylinder. Hence, 
aoeording to Tredgold, the cylinder ought, where it ia potsible, to have this 
propurtion. It is plun, however, that although the steam is not always in 



contact with the nirfoce, still a contiooal loss is incurred from dispsrnon, 
inasmuch as the cylinder should be aa hot as the steam. The proportion 
may therefore be found by solving the flt«t problem. This problem may 
be solved by the ordinary rules for maxima and mimmn ^ ^ follows : 

Let length of stroke —f 

Diameter of cylinder — d 

Constant capacity of cylinder —a' 

Then, to be made a minimum, 11—2 x (area of one of the ei)di) + concave 
■ -(wiC + wfJi; 

And the quantities d and I, are oonneclad by the equation 
rif /-4a*: 

Hence, to be rendered a minimnm, «« iu,ve 

This, by difierentiation, and putting d^H-t-dLd »o, may be shown to be a 
minimum when r i^-B4a'. Comparing this with a previous equation, we 
team that the best proportion for the cylinder is when li-^d, that is to say, 
when the length is equal to the diameter. It ought to be remembered that 
this result is derived only from one consideration, vii. the least loss by 
dispersion. In particular eases, other considerations must be introduced ; 
but, a* ^ as the loss of heat by radiation from the cylinder is concerned, 
the best proportion for an engine is to make the stroke equal to ^e 
diameter. In our solntion we have omitted the consideration that the force 
of the piston is proportional to the square of the diameter, but the friction 
of the piston is proportional to the diameter only. The difference result- 
ing from this omission, however, is so very small, in ordinary proportions, 
that it would very little affect the answer, and may safely be neglected. 
We may state tiikt the difference, so fitr as it goes, indicates that the 
diameter of the cylinder ought to be a littie greater than one half the 



We have already given the history of the first application of the crank 
the steam-engine. Since its first introduction, it has continued to be the 
practical use, for converting the reciprocating motion of 






which, great benefit is derived from its causing the motion of the piston, 
and other reciprocating parts of the engine, to be stopped and reversed 
gradually, and not by sadden jerks, and alao with great exactness at the 
proper plsce, so as to obviate the necessity of much clearance in the cy- 
linder. 80 great is the advantage derived from the regulating powers of 
the crank, that it is frequentiy used for the sake of these alone, where the 
reciprocating motion only of the piston is required, such as in pumping, &c. 
The eminent simplicity of the crank, in its practical application, extends 
even to the theory of its action, so as to obviate thenecetnty of onr devoting 
very much sps<» to its consideration ; yet. strange to say, in spite of this 
simplicity, and its universal use. it has been the anttject of a very prevalent 
misconception among unlearned mechanics. This has arisen frvm the cir- 
cumstance, that, when the crank is at the lop, or bottom of its revolution — 
taming the centre as it is called — the pressure on the piston produces no 
rotstoiy force whatever in the crank, and even when the cnnk has left 
these two positions, it is only at tiie two points at right angles to these, that 
the rotatory actioa is at a maximum, while over the rest of the stndte it 
varies between the maximum and nothing. Tet, while the rotatory or 
useful action is thus vsriable, the pressure on the piston is uniform; and 
hence a superficial observer, or one little used to the consideration of any 
mechanical problem, beyond the range of the " mechanical powers," ia, 
naturally enough, led to infer, that the diminution of rotatoty power at other 
parts of the stroke, is all so much loss, and fliat, through the action of the 
crank, a large proportion of the power of the steam is disupated, and pre- 
vented trota producing any useftil result Mostofoorreadera, we presume, 
are aware that this conclusion is erroneous ) hot, as some who know that 
such is the fact may have given little attention to the reason of it, it may be 
well to bestow a little consideration on the subject The fallacy that we have 
described is founded almost entirely on a confusion of ideas and language 
relative to pmncr and jmuiin. These two words are too apt to be nsed as 
synooymons, although they express two very different things. Pressure 
sJone IS not power, and cannot produce power without motion. We might, 
for example, have the full steam pressure exerted on a piston for boora, hot, 
if the engine is from any cause prevented from moving, no poiMr is pn>- 
dnced, and neither is any steam expended. Power, in fact, is measured 
and represented by pressure mnldplied by the space over which the pres- 
sure moves. Thus, a weight or pressure of lOlbs. moving over 1 foot, 
gives a power expressed by 10 < 1-10; and a wright of Slba. fiUiing S 
feet, gives a power of 5 x a~lD i or, the same as the last In' other wwda, 
the pressore of iolbs. produces no more power than that of S lbs., beoaoM 
it moves over only one half the space. These considerations applied to the 
crank will readily clear up every diflculty. 

The pressure on the piston is the same at allpartsof the stroke; hot the 
■peed with which it moves is variable, being greatest at half stroke, and 
least at the beginning and end of the stroke, while the motion ei the crank 



122 



Theory of the Crankm 



if unifiNiii. Af the q>eed of the piston is firiahle, and the jtowtr is repre- 
sented br the pressure mnkiplied bj the spsce passed over, the power giren 
oat bj the piston erery instsnt, most, likie the speed, rvy ooiutsntlj, be- 
tween the msKimnm at half stroke, and nothing at the extremities of 
the stroke. When therefore we find that the rotatory power of the crank 
Taries in the same waj, this arises, not from part of the power of the 
piston being dissipated, bat frxmi the power of the piston itself alternately 
increasing and diminishing as its speed Tari«SL 

It is a well known first principle in theoretical mechanics, that (ezelod- 
ing the consideration of friction) no mechanical contriTance can either in- 
crease or diminish power, and, as a necessary consequence, that the pressure 
on erery moring port of a machine m me direeium of Hi wiotUm, is in- 
▼erwly as the space it mores orer. Daring one rcTolation of the crank, 
the crank-pin describes the dieomfierence H a circle, twice the diameter of 
which, is equal to the space mo?ed orer by the piston in the same time ; 
hence, according to the principle just laid down, the arerage pressure on the 
crank-pin in the direction of its motion, is et^oal to the pressure on the 
piston, multiplied hj twice the diameter, and divided by the circumference, 
of a circle, that is, it is equal to the pressure on the piston multiplied by 

-—? — --6366. 
3-1416 

Independently, howerer, of the general law of Tirtual yelocities, as it is 

called, which we have just been applying, it is very easy to show that the 

power given out by the crank is equal to that communicated from the 

piston. 

Fi^. 176. 




Let C D repreient the crank, and C £ the direction of the connecting rod, 
then the pressure communicated to ihe crank-pin D, by the connecting rod, 
may be supposed to be represented by the line E C, and to be resolved into 
two pressures, one represented by the tangent DE, and tending to pro- 
duce rotatory motion, the other represented by the line DC, and producing 
pressure on the bearing of the crank-shaft Draw DF perpendicular to 
EC, and, as the triangle CED is similar to the triangle CFD, we may 
suppose the whole pressure of the connecting rod to be represented by the 
line CD, the pressure on the bearing, by the line FC, and the pressure 
tending to produce rotation, by the line F D. In other words, we have, the 
pressure on the piston-* radios ; and the pressure tending to produce rota- 
tion « sin. angle FCD x radios. 

Let the angle FCD^x, and suppose the crank to moye over averyfmoff 
angle represented by <ijr; then the space moved oyer by the crank-pin 
would he « radius x<ix; and it is shown by writers on the differential 
calcttlw, that the space passed oyer by the piston in the same time is equal 
torad.xsin.xx<2jr. 

The pressure on the piston is constant, and represented by rad. ; the 
power exerted by the piston, while the crank moves over this small arc 
d x, must, therefore, be equal to rad.* x sin. x x Jx. 

W« have seen above that the pressure tending to produce rotation in the 
crank, is equal to sin. F C D x rad., or, sin. x x rad., and therefore the power 
exerted by the crank while the crank-pin moves over the space dxx nui, 
must be equal to sin. x x rad. xdxx rad., or rad.' x sin. x x dx. 

This is the same as the expression that represents the power produced 
by the piston in the same time ; and, as what is the same at every instant 
must be the same in the aggregate, it follows, that the whole power pro- 
duced by the piston is equal to the whole power given out by the crank. 

In what pr^iedcai, we have been obliged, on one occasion, to refer to the 
principles of the differential calculus, and without them, the rigid proof of 
the conclusion that we have arrived at would be very tedious ; but for the 
sake of those who are not familiar with this department of mathematics, we 
may illustrate the proposition and approximate to the correct conclusion in 
a very simple and popular manner. 

Thus, let^S^. 177. represent the circle which the crank-pin describes. 
Divide it into 20 equal parts. Suppose the connecting rod to remain 
Always in a parallel direction, viz., in the direction of the arrows, and the 
constant pressure in it to be 100. Then the pressure producing rotation, 
tnd in the direction of a tangent, at any point of the circle, wiU, as we 
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have already explained, be equal to 100 x sine of the angle, described iiiiee 
the crank turned the centre. From this we get the following table : — 



Points in tlie Figure. 


PreMorein DirectioD of Rertdotion . 




At and at 20 


100 X sin. (P B 0-00 




1 19 


100 X sin. 18^ - 30-90 




2 18 


100 X sin. 36° « 68-78 




3 17 


100 X sin. 54^' » 80-90 




4 16 


100 X sin. 720= 9511 




5 15 


100 X sin. 90<> » 100-00 




6 14 


100 X sin. 108O» 95*11 




7 13 


100 X sin. 126^ » 80-90 




8 12 


100 X sin. 144° « 68-78 




9 11 


100 X sin. 162^ « 30-90 




10 10 


100 X sin. 180O » 0-00 




Mean pressure 63*1 1 






The circumference of the circle described by the crank-pin to the diame- 
ter 1, is 3*1416, and therefore the power given out by the crank during one 
revolution is expressed by 3*1416 x 63 -Us 198 266. 

During the same time the piston has travelled over twice the diameter 
of the circle; and as the pressure is constant at 100, the power produced by 
the piston is expressed by 2 y 100*200. 

Tliis is very nearly the same as what we have got for the power of the 
crank; and if we were to take more divisions in the circle, so as to get the 
mean pressure of rotation more accurately, we would find the power of 
the crank approach more nearly to that of tbe piston, and it would 
approach nearer still, if we made the divisions yet more numerous; 
thus shewing that the final very small difference is caused by the inaccu- 
racy of our method of approximation alone, and that the things themselves 
are perfectly equal. 

We have hitherto, for the sake of simplifying the theory of the crank, 
omitted the consideration of the friction produced, while it is working, in 
the crank-axle and crank-pin ; but we may appropriately conclude this sub- 
ject by a few observations on this point 

The pressure on the crank-axle and crank-pin, derived fW>m the connect- 
ing rod, must alwa^ be each equal to the pressure transmitted from the 
piston ; and the fhctionai resistance is a certain proportional part of this 
pressure, the exact proportion depending on the kind of sur&ces, the 
lubricating material, &c. We shall assume that the friction U^ei the 
whole pressure, which is rather too much ; but as our present object is 
rather illustration than exact calculation, this will answer our purpose. 

The resistance to motion arising from this source is uniform at all parts 
of the stroke ; and as at two points (vis. the top and bottom) of eadi stroke 
the rotatory energy of the piston vanishes, there must be two points at 
which this rotatory energy just equals the friction. To find these let 

d a diameter of crank-axle, 
(fa diameter of crank-pin. 
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9 — length of ftroke. 

/y-epressare transmitted from the piston through the connecting rod. 
X a angle described by the crank, between the top or bottom of the 
stroke, and the point where the rotatory action of the piston on 
the crank just balances the resistance from friction. 
From what has been already said, it appears, that the rotatory action of 
the steam at this point is equal to p x sin. x, and that the friction is equal to 
X p. But the rotatory pressure of the steam acts with a lererage equal to 
the length of the crank, while the frictionai resistance acts with a IcTcrage 
equal to the combined radii of the crank-axle and crank-pin. 
That, therefore, these two forces may be balanced, we must hare 

p X sin. X X « j^-fg p X (cf + <f ), 
.•.sin.x=^5_ __ (A.) 

In an ordinary engine, where we may suppose cf + <f ») «, this would 
giTC sin. x»i--017, or, x^O© 59'. 

At this point of the revolution, the pressure on the piston will be just 
able to overcome the friction of the bearings. It is evident from the for- 
mula that the smaller the diameters of the crank-axle and crank-pin are in 
proportion to the length of stroke, the sooner will the steam pressure be 
able to overcome the friction, after the crank passes the centre; and ai the 
strength of the axle is in proportion to the cube of its diameter, while the 
leverage of the crank is directly as the length of the stroke, it is clear that 
the friction of the bearings must be more detrimental in a short than a long 
stroked engine. 

The well known and convenient contrivance called an eccentric, is just 
a crank with a short radius, and a very large crank-pin. In it (f sdiame- 
ter of the eccentric, and «sthe throw of the eccentric Bearing this in 
mind, formula A applies to an eccentric, as well ai a crank ; and if (as is 
often the case) irf-i-cf is greater than 10«, the formula would give sin. x 
greater than I ; but this is impossible, which shows that the friction is so 
great that there is no point of the revolution where the rotatory power is 
equal to it. Hence, an eccentric is never used for converting a rectilinear 
motion into a rotatory one ; though the reverse is often done, where con- 
venience of construction is of more importance than the loss of some power 
in friction. When an eccentric is used to produce a reciprocating rectili- 
near motion flrom a rotatory one, it is easily deduced, fhnn what we have 
already said, that the loss of power flrom the friction of the eccentric and 
strap alone, independently of the bearings of the shaft, is equal to <^ the 
power required to do the work, multiplied by the circumference of the ec- 
centric, and divided by twice its throw. Or, in algebraic language, if 

pa power to be transmitted by the eccentric, 

the lota by the friction of the eccentric and strap 

px8-U16<f 3'1416p.<f 
"lOx2x«" 20 « ' 



- 15703 



pd 



-px 0-15703—. 

Fromtlua it readily appears that, when ^fa—— -» 6*37 «; the power 

leqniied to overcome the friction is equal to p. 

Expressing this conclusion in words, we arrive at this result, that, 
(aasoming the friction to be ^ of the pressure,) when the diameter of an 
eccentric is 6*37 times the length of its throw, tiie power consumed in fric- 
tion is equal to the power expended in doing the work required. 

DIKENSIONS OF PARTS OF ENOUfSfl. 

We reserve for a subsequent part of the present Treatise the remarks we 
have to offSer upon the Fly-wheel, Governor, and other moving parts of the 
engine, the theory of which requires to be considered ; and these topics 
will be found to be fully elucidated at the several pages mentioned in the 
Index. We next proceed, though not strictly in order, to lay before our 
leaden tables of dimensions of engines, computed from the fermulss given 
at page 106., and practical rules, which are an interpretation of those for- 
aulsB, and of some other formuIsD given at page 157. The formulsD at page 
106. have been constructed with much care : the results have been com- 
pared with the dimensions followed by the makers of most repute, and the 
tabki and rules derived fW>m them may be used by the engineer with con- 
idence. For land engines various rules are scattoed among the practical 
dctula, extending from page 206. to page 216., and which may be employed 
with safety in all cases where but a moderate pressure of steam is employed, 
such as was used in Mr. Watt's engines. The whole of the cranks, shafts, 
and odier moving parts, of which the dimensions are given in the marine 
CDgine tables, are of malleable iron, with the exception of the side-lever, 
which it of cast iron. Many of the dimensions given in these tables must, 
we fbnee, soon become obsolete, for the side-lever plan of engine, to which 
noft of the sixes relate, is fUling into disuse, and in marine engines the 
inCrodnetioo of the screw propeller will also naake great innovation. But 
amy of the dimensions are applicable to any specief of engine, and we 



have at page 224. given the dimensiont-ef oacillating engines^ f6ll6wed by 
the most eminent constructors, and which are likely to remain unaffected 
by impending transformations. It may be useful, however, in addition, to 
give here the dimensions of one of 16t, Penn's 12 horse power osciliating 
engines for river steamers. 

The cylinders of this oscillating «>gine are placed beneath the cranks, 
and, ai in all Messrs. Penn's smaller engines, the piston rod is connected to 
the crank-pin by means of a brass cap, provided with a socket, by means of 
which it is cuttered to the piston rod. There it but one air-pump, which 
is situated within the condenser between the cylinders, and is worked by 
means of a crank in the intermediate shaft — this crank being cut out of a 
solid piece of metal, as in the formation of the cranked axles of locomotive 
engines. The steam enters the cylinder through the outer trunnions, or the 
trunnions adjacent to the ship's sides, and enters the condenser through the 
two midship trunnions — a short three-ported valve being placed on the 
front of the cylinder to regulate the flow of steam to and from the cylinder 
in the proper manner. This valve is balanced by a weight upon the other 
side of the cylinder, but in the most recent engines this weight is discarded, 
and two valves are used, whieh balance one another. 

The fhuning consists of an upper and lower friune of cast iron, bound to- 
gether by eight malleable iron columns : upon the lower fr^ame the pillow- 
blocks rest which carry the cylinder trunnions,, and the condenser and the 
bottom fnmt are cast in the same piece. The upper frame supports the 
paddle shaft pillow-blocks ;. and pieces are belted on in continuation of the 
upper frame to carry the paddle wheels, which are overhung frxmi the 
joumaL The web, or base plate, of the lower frame is ] of an mch thick, 
and a cooming is carried all round the cjrlinder, leaving an opening of suA- 
cient sixe to permit the necessary oscillation. The cross section of ue upper 
fkwne is that of a h<dlow beam 6 in. deep, and about Z\uk, wide, with boles 
at the sides to take out the core ; and the thickness of the metal is 4|ths of 
an inch. Both the upper and the lower frame is cast in a single piece, 
with the exception of the continuations of the upper frune, which support 
the paddle wheels. An oval ring 3 in. wide is formed in the upper fhune, 
of sufficient size to permit the working of the air-pump crank ; and from 
this ring, feathers run to the ends of the cross portions of the frame whieh 
support the intermediate shaft journals. The columns are 11 in. in diame- 
ter ; they are provided with collars at the lower ends, which rest upon 
bosses in the lower frame, and with collars at the upper ends for support- 
ing the upper fnme ; but the upper collars of two of the comer columns 
are screwed on, so as to enable the columns to be drawn up when it is re- 
quired to get the cylinders out The cross section of the bottom fhune is 
also of the form of a hollow beam, 7 in. deep, except in the region of the 
condenser, where it is, of course, of a different form ; the depth of the boss 
fbr the reception of the columns is a little more than 7 in. deep on the lower 
frame, and a little more than 6 in. deep on the upper frame ; and Uie holes 
through them are so cored out, that the columns only bear at the upper and 
lower edges of the hole, instead of all through it — a formation by which 
the fitting of the columns is fiusilitated. 

The condenser, which is cast upon the lower fhune, consists of an oval 
vessel 224 in. wide, by 2 ft 4^ in. long, and 1 ft lOjin. deep ; it stands 9 in. 
above the upper face of the bottom fhune, the rest projecting beneath it ; 
and it is enlarged at the sides by being carried beneath the trunnions. The 
air pump, which is set in the centre of the condenser, is 15) in. in diameter, 
and has a stroke of 1 1 in. The foot valve is situated in the bottom of the 
air pump, and consists of a disc of brass, in which there is a rectangular 
flap valve, but rounded 00 one side to the circle of the puipp, opening np- 
wurds, and so balanced as to enable the valve to open with fiuulity ; and 
the balance weight, which is formed of brass cast in the same piece as the 
valve itself, operates as a stop, by coming into contact with the disc which 
constitutes the bottom of the pump when the valve has opened sufficiently. 
This disc is bolted to the mouth of the pump by means of an internal flange, 
and before it can be removed by the pump, must be lifted out of its place. 
The air pump barrel is of brass, to which is bolted a cast-iron mouth piece, 
with a port for carrying the water to the hot well ; and within the hot well 
the delivery valve, which consists of a common flap valve, is situated. The 
mouth piece and the air pump barrel are made tight to the condenser, and 
to one another, by means of metallic joints carefhlly scraped to a true sur- 
fkoe, so that a little white or red lead interposed, makes an air-tight joint 
The air pump bucket is of brass, and the valve of the bucket is of the 
common pot-lid, or spindle kind. The injection water enters through a 
single cock in fh>nt of the condenser, the jet striking against the barrel of 
the air pump : the air pump rod is maintained in its vertical position by meant 
of guides, the lower ends of which are bolted to the mouth of the pump, 
and the upper to the oval in the top fkwne, within which the air pump 
crank works, and the motion is communicated from this crank to the pump 
rod by means of a short connecting rod. The lower fhmie is not set im- 
mediately below the top fhune, b^ %{ in. behind it, and the air pump and 
condenser are 2^ in. nearer one edge ra the lower fhune than the other. 

The thickness of the metal of the cylinder ia <Jlths of an inch ; the depth 
of the belt of the cylinder is 91 in., and its greatest projection ftom the cy- 
linder is 2) in. The distance mmi the lower edge of the belt to the bottom 
of the cylinder is HI in., and from the upper ^ge of the belt to the top 
flange of the cylinder is 9 in. The trunnions are 74 in. diameter in the 
bearings, and 34 in. in width ; and the flanges to which the glands are 
attach^ for screwing in the trunnion packings are 1} in. thick, and have 
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Jths of an inch of projection. The width of the packing space round the 
trunnions is {ths of an inch, and the diameter of the pipe passing through 
the trunnions 4iths, which leares ^ths for the thickness of the metal of the 
bearing. The pipe leading to the condenser, from the cylinder, is made 
somewhat bell-mouthed where it joins the condenser, and the gland for 
compressing the packing is made of a larger internal diameter in everj 
part except at the point the pipe emerges from it, where it accurately fits 
the pipe, so as to enable the gland to squeeze the packing. By this con- 
struction the gland may be drawn back without being jammed upon the 
enlarged part of the pipe, and the enlargement of the pipe towards the 
condenser prevents the air pump barrel from offering any impediment to 
the free egress of the steam. The gland is made altogether in four pieces : 
the ring which presses the packing is made distinct fW)m the flange to 
which Uie bolts are attached which force the gland against the packing; and 
both ring and flange are made in two pieces, to enable them to be got over 
the pipe. The ring is half-checked in the direction of its depth, and is in- 
trodu^ without any other support to keep the halves together than what 
is afforded by the interior of the stuffing box ; and the flange is half-checked 
in the direction of its thickness, so that the bolts which press down the 
ring by passing through this half-checked part also keep the segnients of 
the flange together. The bottom of the trunnion packing space is con- 
tracted to the diameter of the eduction pipe, so as to prevent the packing 
fW>m being squeezed into the jacket ; but the eduction pipe does not fit 
quite tight into this contracted part, but, while in close contact on the 
lower side, has about j^d of an inch of space between the top of the pipe 
and the cylinder, so as to permit the trunnions to wear to that extent with- 
out throwing a strain upon the pipe. The eduction pipe is attached to the 
condenser by a flange joint, and the bolt-holes are all made somewhat 
oblong in the perpendicular direction, so as to permit the pipe to be slightly 
lowered, should such an operation be rendered necessary by the wear of 
the trunnion bearings ; but in practice the wear of the trunnion bearings is 
found to be so small, as to be almost inappreciable. It is not expedient to 
cast the trunnion plummer-blocks upon die lower frame, as is sometimes 
done ; for the cylinders, being pressed from the steam trunnions by the 
steam, and drawn in the direction of the condenser by the vacuum, have a 
continual tendency to approach one another ; and as they wear slightly 
towards midships there would be no power of re-ac^ustment unless the 
plummer-blocks were moveable. The flanges of the trunnions should always 
fit tight against the plummer-block sides, but there should be a little play 
sideways at the necks of the trunnions, so that the cylinder may be enabled 
to expand when heated, without throwing an undue strain upon the trun-^ 
nion supports. Above and below each trunnion, a feather, or bracket, runs 
from the edge of the belt, between 3 in. and 4 in. along the cylinder, for 
the sake of additional support; and in large engines this feather is con- 
tinued through the interior of the belt, and cruciform feathers are added for 
the sake of greater stiffness. The projection of the outer face of the trun- 
nion flange flrom the side of the cylinder is 6) in. ; the thickness of the 
flange round the mouth of the cylinder is | of an inch, and its projection 
li in. ; the height of the cylinder stuffing box above the cylinder cover is 
4} in., and its external diameter 4} in. — the diameter of the piston rod 
being 2| in.; and the thickness of the stuffing box flange is 1^ in. 
The length of the valve casing is 16} in., and its projection from the cy- 
linder is 3^ in. at the top, 4) in. at the centre, and 2| in. at the bottom, so 
that the back of the valve casing is not made flat, but is formed in a curve. 
The width of the valve casing is 9 in., but there is a portion of the depth of 
the belt 14 in. wider, to permit the steam to enter from the belt into the 
casing. The valve casing is attached to the cylinder by a metallic joint ; 
the width of the flange of this joint is l^in., the thickness of the flange on 
the casing { in., and the thickness of the flange on the cylinder (ths of an 
inch. The valve is of the ordinary three-ported description, and both 
cylinder and valve fiices are of cast iron. The projection from the cylinder 
of the passage for carrying the steam upwards and downwards, from the 
valve to the top and bottom of the cylinder, is 2) in., and its width exter- 
nally 8|in. 

The piston is packed with hemp, but the junk ring is made of malleable 
iron, as cast-iron junk rings have been found liable to break : there are 
four plugs screwed into the cylinder cover, which, when removed, permit 
a box-key to be introduced, to screw down the piston packings. The 
screws in the junk ring are each provided with a small ratchet, cut in a 
fixed washer upon the head, to prevent the screw from turning back ; and 
the number of clicks given by these ratchets, in tightening up the bolts, 
enables the engineer to know when they have all been tightened equally. 
The cap for attaching the piston rod to the crank-pin is formed altogether 
of brass, which brass serves to form the bearing of the crank-pin. The 
external diameter of the socket by which this cap is attached to the piston 
rod is 8A in. The diameter of the crank-pin is 3 in., and the length of the 
cimnk-pm bearing S{in. The thickness of the brass around the crank-pin 
bearing is 1 in., and the upper portion of the brass is secured to the lower 
portion by means of lugs, which are of such a depth that the perpendicular 



section through the centre of the bearing has a square outline meaiuring 
7 in. in the horizontal direction, 3{ in« from the centre of the pin to the 
level of the top of the lugs, and 24 in. from the centre of the pin to the 
level of the bottom of the lugs. The width of the lugs is 2 in., and the 
bolts passing through them are 1| in. in diameter. The bolts are tapped 
into the lower portion of the cap, and are fitted very accurately by scraping 
where they pass through the upper portion, so as to act as steady pins in 
preventing &e cover of the crank-pin bearing from being worked sideways 
by the alternate thrust on each side. The distance between the centres of 
the bolts is 5 in^ and in the centre of the cover, where the lugs, continued 
in the form of a web, meet one another, an oil cup 1 j in. in diameter, 1| in. 
high, and provided with an internal pipe, is cast upon the cover, to contain 
oil for the lubrication of the crank-pin bearing. The depth of the cutter 
for attaching the cap to the piston rod is l^in., and its thickness is |in. 
A sinoilar cap attaches the air pump crank to the connecting rod by which 
the air pump rod is moved, but in this instance the diameter of the bearing 
is 5 in., and the len^ of the bearing about 3 in. The thickness of the brass 
encircling the bearmg is \ in. upon the edge, and 1 J in. in the centre, the back 
being slightly rounded ; the width of the lugs is !{ in., and the depth of the 
lugs is 2 in. upon the upper brass, and 2 in. upon the lower brass, making 
a total depth of 4 in. The diameter of the bolts passing through the lugs 
is 1 in., and the bolts are tapped into the lower brass, and accurately fitted 
into the upper one, so as to act as steady pins, as in the previous instance. 
The lower eye of the connecting rod is forked so as to admit the eye of 
the air pump rod ; and the pin which connects the two together is pro- 
longed into a cross head, the ends of which move in the guides. The forked 
end of the connecting rod is fixed upon the cross head by means of a 
feather, so that the cross head partakes of the motion of the connecting rod, 
and a cap, similar to that attached to the piston rod, is attached to the air 
pump rod, for connecting it with the cross head. The diameter of the air 
pump rod is l|in., the external diameter of the socket encircling the rod 
is 2| in., and the depth of the socket 41 in. from the centre of the cross head. 
The depth of the cutter for attaching me socket to the rod is I in., and iu 
thickness f^ in. I'he breadth of the lugs is 1| in., the depth IJ in., making 
a total depth of 2| in. : and the diameter of the bolts ] of an inch. The 
diameter of the cross head at the centre is 2 in., the thickness of each jaw 
around the bearing 1 in., and the breadth of each ^ in. 

The diameter of the intermediate shaft journal is 4,^ in., and of the 
paddle shaft journal 4| in. ; the length of the journal in each case is 5 in. 
The diameter of the large eye of the crank is 7 in., and the diameter of the 
hole through it is 4} in. ; the diameter of the small eye of the crank is 5} in., 
the diameter of the hole through it being 3 in. The depth of the large eye 
is 4\ in., and of the small eye 3} in. ; the breadth of the web is 4 in. at the 
sha^ end, and 3 in. at the pin end, and the thickness of the web is 2{ in. 
The width of the notch forming the crank in the intermediate shaft for 
working the air pump is 3} in., and the width of each of the arms of thia 
crank is 3j} in. ; both the outer and inner comers of the crank are cham- 
fered away, until the square part of the crank meets the round of the shaft. 
The method of securing the crank-pins into the crank eyes of the intermediate 
shaft, consbts in the application of a nut to the end of each pin, where it 
passes through the eye, the projecting end of the pin being formed with a 
thread, upon which the nut is screwed. 

The eccentric strap is half an inch thick, and IJin. broad; and the 
flanges of the eccentric, within which the strap works, are each | of an 
inch thick. The eccentric is put on in two halves, joined in the diameter 
of largest eccentricity by means of a single bolt passing through lugs 
on the central eye, and the back balance is made in a separate piece { of 
an inch thick, and is attached by means of two bolts, which also help to 
bind the halves of the eccentric together. The eccentric rod is attached to 
the eccentric hoops by means of two bolts passing through lugs upon the 
rod, and tapped into a square boss upon the hoop ; and pieces of iron, of a 
greater or less thickness, are interposed between tiie surfaces in setting the 
valve, to make the eccentric rod of the right length. The eccentric rod is 
kept in gear by the pull of a small horizontal rod, attached to a vertical 
blade spring, and it is thrown out of gear b^ means of the ordinarv disen- 
engaging apparatus, which acts in opposition to the spring, as, in cases 
where the eccentric rod is not vertical, it acts in opposition to the gravity 
of the rod. The paddle shaft plummer-blocks are altogether of brass, and 
aro formed in much the same manner as the cap of the piston rod, only 
that the sole is flat, as in ordinary plummer-blocks, and is fltted between 
prcjecting lugs of the fhuning, to prevent side motion. In the bearings 
fltted on this plan, however, the upper brass will generally acquiro a good 
deal of play after some amount of wear. The bolts are worked slack in 
the holes, though accurately fitted at first; and it appears expedient, 
therefore, either to make the bolts very large, and the sockets through 
which they pass very deep, or to let one brass fit into the other. The trun- 
nion plummer-blocks are formed in the same manner as the shaft plummer- 
blocks ; the nuts are kept from turning back by means of a pinching screw 
passing through a stationary washer. 

























12S 


^i* 












BiwUh 


ofWrtotCfKikUPM 


al.ShUtc 


«i™. 












is 


si's 
































2 


n 


3 


H 


4 


"i 


5 


H 


6 


6i 


7 


n 


8 


H 


9 


ao 


SIS 


5-45 


a-63 


6-04 


6-46 


6-72 


6-98 


7-19 


7-40 


7-59 


7-78 


7-95 


8-18 


8-89 


8-44 


80 


ai 


fi-51 




5-83 


6-37 


6-68 


6-94 


7-ai 




7*3 


7-83 


a-04 




8-39 








33 


3-74 




6-08 


6-49 


6-90 


7-16 


7-4* 




7-86 


e'07 


8-30 


8-45 


8-65 






aa 


33 


5-9fl 


614 


6-31 


6-73 


7-12 


7-38 


7-67 






8-31 


8-55 


8-70 






B-35 


33 


»4 


6-18 


6-36 




6-94 


7-33 


7-60 


7-89 










B-95 


9-16 


9-35 


9-52 


24 


ss 


G-40 


e-SB 




7-16 


7-54 


7-82 


8-11 


8-34 






9-04 


S-20 


9-41 


9-61 


9-79 


23 


M 




6-80 




7-38 


7-75 


8-04 


8-33 


8-57 


8-78 


9-03 


9-88 


9-45 


9-67 


987 


10-06 


36 


a? 




7-03 


7-23 


7-60 




8-36 


8-53 


8-80 


9-01 


9-37 


9-51 


9-70 


9-92 


1013 


10-33 


37 


S8 




7-35 


7-46 


7-83 


8-17 


B-48 


8-77 


9-03 


9-34 


9-51 


9-74 




10-18 


10-39 


10-59 


28 


» 


7-38 


7-48 


7-69 


8-04 


8-38 


8-70 


8-99 


9-36 


9-47 


9-75 


9-97 


10-30 


10-43 


I0-6S 


10-83 




30 


7-SO 


7-71 


7-93 


B-86 


8-60 


8-93 






9-74 


9-98 


10-38 


10-45 


10-68 




n-io 




31 


7-65 


7-88 




8-46 


8-80 








9-96 






10-69 


10-92 


11-13 


11-34 


31 


33 


7-80 


8-03 


8-30 


8-66 


9-O0 


9-34 


9-64 


9-94 


10-2B 


10-43 




10-93 


11-16 


11-37 


11-58 


33 




7-9B 


8-33 


8-49 


8-35 


9-30 


9-54 


9-84 


10-15 


10-SO 


10-64 


10-89 


11-16 


11-39 


11-61 


11-83 


33 


M 


8-10 


8-39 


8'G8 


904 


S-40 


9-74 


10-04 


10-35 


10-71 


10-86 


11-13 


11-39 


11-69 


11-85 


13-06 


34 


85 


8SS 


8-56 


8-87 


9-93 


9-59 


9-94 


10-34 


10-55 


10-93 


11-08 


11-34 




11-85 


13-08 


12-29 


36 


S6 


8-40 




9-06 


9-43 


979 


10-14 




10-7S 


11-13 


n-30 


11-56 


11-85 


ta-08 


12-31 


12-53 




37 


8-SS 




9-33 


9-61 


9-99 








11-34 


11-53 


11-78 


12-07 


13-31 


12-64 


12-76 




38 


8-JO 


9-07 


9-44 


9-ao 


10-18 


10.54 


10-94 


11-13 


11-56 


11-74 


13-00 


12-29 


12-54 


13-77 


12-99 


38 


SS 




9-34 


9-68 


9-89 


10-37 


10-73 


11-04 


11-35 


11-76 


11-96 


ia-33 


13-51 


12-77 


13-00 


13-23 


39 


40 




9-40 


9-80 


10-18 




10-90 


11-34 


11-55 


11-88 


12-17 


12-46 


12-73 


13-99 


13-23 


13-43 


40 


41 


9-19 


fl-S9 


9-99 


10-37 


10-75 


11-08 


11-41 


11-73 


18-05 


18-37 


12-67 


13-95 


13-32 


13-46 


13-71 


41 


48 


9-38 


S<78 


10-17 


10-56 


1094 


1185 


11-57 


11-89 


12-23 


12-57 


13-87 




13-46 


13-69 


1M4 


42 


43 


9-S7 




10-36 


10-73 


11-13 




11-78 


13-05 


12-39 


13-76 


1309 


13-40 


13-70 


13-93 


14-16 


43 


44 


9-76 


1016 


10*55 


10-94 


11-32 




11-87 


12-21 


13-56 


18-95 


13-38 


I3-6S 


13-93 


14-15 






45 


9-94 


10-33 


10-74 


1113 




11-76 


13-03 


12-37 


12-73 


1314 




13-83 


14-17 


14-38 


14-60 


45 


46 


1013 


JO-il 


10-93 






n-93 


18-17 


13-33 


12-90 


13-32 


13-69 


14-05 


14-40 


14-61 


14-82 


46 


47 


1030 


10-69 


n-ii 


11-51 


11-89 


12-10 


13-33 


13-69 


13-07 


13-50 


13-90 


U-27 


14-63 


14-B4 


15-04 


47 


48 


10-48 


10-87 


11-30 


11-70 


13-08 


12-37 






13-24 


13-68 


14-10 


14-49 


14-87 


15-07 


15-86 


48 


49 


10-67 


11-06 


11-49 


11-89 


12-37 




13-68 


13-01 


13-41 


13-85 


14-31 


14-71 








49 


50 


10-B6 


11-37 


11-68 


13-07 


13-46 


12-Gl 


13-76 


13-17 


13-58 


14-06 


14-34 


14-94 




15-53 


15-70 




SI 


11-03 


11-45 


11-87 


13-36 


13-65 


12-8a 


18-99 


13-40 


13-81 


14-27 


14-74 


15-14 


15-53 


15-73 


15-93 




SS 


11-30 


11-63 


la-OG 


12-44 




13-03 


13-83 


13-63 


14-04 


I4-4B 


14-94 




I5-7i 


15-92 


18-14 


52 




11-37 


11-81 


13-34 


18-63 




13-24 


13-45 


13-86 


14-36 


U-69 


15-14 




15-90 


16-12 


16-35 


53 


M 


1I-S4 


11-98 


12-42 


12-81 


13-22 


13-45 


13-68 




14-49 


14-90 


15-34 


15-72 


16-08 


16-32 


16-56 


54 


S5 


11-71 


1215 


12-60 


13-00 


13-41 


13-66 


13-Bl 




14-73 


15-13 


15-54 


15-91 


16-27 


16-51 


16-77 


55 


S6 


11-88 


la-33 


12-78 


1318 


13-60 


13-87 


14-15 


14-35 


14-95 


15-33 


15-74 


16-10 


16-45 


16-71 




56 


S7 


13-04 


ia-49 


12-97 


13-37 


13-79 


14-08 


14-38 


14-J8 


16-ia 


15-54 


15-94 


16-39 


16-64 


16-91 


17-20 


57 


58 


13-30 


18-66 


13-15 


13-5G 


13-98 


14-29 


14-62 


15-01 


15-41 


15-75 


16-14 


16-48 


16-83 


17-11 


17-41 








13-84 


13-33 


13-75 


14-17 


14-50 


14-86 


15-24 


15-64 


15-96 


16-34 


16-67 


17-01 


17-30 


17-60 


59 


60 


1J-S3 


13-01 


13-51 


13-94 




14-73 






15-84 


16-19 


16-64 




17-19 


17-50 


17-83 


60 


01 


ia-T4 


13-31 


13-70 


14-13 


14-55 


14-91 






16-03 


16-39 


16-73 


17-06 




17-70 




61 


62 


13-B6 


13-41 


13-89 


1438 


14-73 


15-10 




15-8S 


16-23 


16-58 




17-as 


17-59 


17-90 




63 


63 


13-17 


13-ei 


14-08 


I4-S1 


14-91 


15-38 


15-67 


16-04 


16-41 


lC-77 


17-13 


17-45 




18-10 






64 


13-38 


13-81 


14-36 


14-09 


1509 


15-57 


15-8G 


lG-23 


16-60 


17-97 


17-31 




17-99 


18-30 


18-64 


64 


«3 


13-59 


14-01 


14-45 


14-87 


15-27 


15-75 


16-05 


16-42 


lG-79 


18-17 


17-31 




18-18 


18-51 


18-84 




66 




1431 


14-63 


15-05 




15-94 


lG-33 




16-98 


18-36 


17-70 


18-04 


18-38 


18-71 


19-05 


66 


67 


14-01 


14-41 


14-83 


15-33 


15-63 


16-18 






17-17 


18-53 


17-90 


18-83 


18-58 


18-91 


19-25 


67 


68 


14-33 


14-61 


15-00 


15-41 


15-81 


16-31 




1G-9B 


17-36 


18-74 


18-09 


18-43 






19-45 


68 


69 


14-43 


14-81 


15-19 


I5-S9 


15-99 


lG-49 


I6-7S 


17-16 


17-55 


18-93 


18-29 


18-63 


18-98 




19-65 


69 


70 


14-64 


IS-OI 


15-38 


lS-77 


16-17 


16-57 


lG-97 


17-35 


17-:4 


18-11 


18-48 


18-83 


1918 


19-51 








14-83 




15-57 


15-89 


16-37 


1G-J5 


17-14 


17-53 


17-93 


18-30 


18-67 


19-03 


19-38 


19-71 




71 


72 




lS-39 


15-75 


16-08 




16-93 


17-30 


17-71 


18-13 


18-49 


18-86 


19-33 


10-58 


19-91 


20-26 


73 


73 


15-ai 


15-58 


15-94 


16-27 




17-11 


17-47 


17-88 


18-31 


18-68 


19-03 


19-41 


19-77 


30-10 


30-46 


73 




15-40 


16-77 


16-ia 


18-46 




17-29 


17-63 




18-49 


18-87 


1934 


19-60 


19-97 


SO-30 


30-67 


74 


75 


15-59 


lS-96 


16-31 


lG-65 


17-15 


17-47 






18-67 


19-06 


19-43 


19-79 






20-87 


75 


76 


15-78 


16-15 


16-49 


16-84 


17-34 


17-8S 


17-97 


lB-41 


18-86 




19-62 


19-98 


20-35 


30-70 


21-07 


76 


77 


IS-97 


16-34 


16-GB 


17-03 


17-54 


17-83 


18-13 


18-58 


19-04 


19-43 


19-81 


80-17 


20-54 


30-89 


21-27 


77 


J8 


16-16 


I6-S3 


16-87 


17-aa 


17-73 


18-01 


18-30 


18-76 


19-33 




ao-00 


20-36 


20-73 


81-09 






!9 




16-Jl 


17-05 


17-41 


17-92 


18-19 


19-46 


18-93 


19-41 


19-80 


20-) 9 


20-55 


20-93 


21-39 


31-68 


79 


80 


16-54 


lfl-89 


17-24 


17-GB 




18-37 


1S-6I 




19-61 


19-99 


ao-3B 


30-74 


31-11 


91-49 


31-88 


80 


SI 


1674 


17-08 


17-43 


17-S6 




18-56 




19-31 


19-80 


30-1 B 


20-57 


30-93 


31-31 


31-69 


33-08 


81 


83 


16-94 


17-87 


17-60 


18-04 


18-47 


18-75 


19-03 


19-51 


19-99 


20-37 


30-76 


31-ia 


31 '51 


31-39 


83-37 


83 


83 


17-13 


17-46 


n-79 


18-33 


1(1-65 


18-94 


19-24 


19-70 


80-18 


30-56 


80-95 


31-31 


ai-70 


33-08 


22-46 


83 




17-33 


17-65 


17-98 


18-40 


18-82 


19-13 


19-45 


19-90 


30-36 


ao-74 


ai'14 


31-56 


21-89 


88-37 




U 


as 




17-84 


18-17 


18-58 


19-00 


19-32 


19-65 


80-09 


30-55 


20-93 




31-69 


33-09 


33-46 


33-84 


83 




17-71 


18-03 


18'3G 


18-76 


19-17 


19-51 


I9-8S 


so-a9 


ao-73 


31-11 


21-53 




22-38 


a2-65 


23-03 


86 


17 


17-90 


is-aa 


18-55 


16-94 




19-70 


S0fl6 


30-48 


80-93 


31-30 


31-70 


82-07 


33-47 


B2-84 


33-33 


87 


S8 


18-09 


18-41 


18-73 


19-12 


19-sa 


19-89 




30-68 


31-10 


31-48 


a 1-89 


33-36 


22-67 


23-03 


33-41 


88 


69 


18-18 


18-60 


18-93 


19-30 


19-70 




80-46 


20-87 


31-39 


81-67 


a2-o7 


aa-45 


33-86 


23-32 


83-60 


89 


M 


I8'47 


18-79 


Ifl-ll 


19-49 


19-87 




30-67 


81-07 


31 -47 


81-86 


33-36 


22-64 




33-41 


23-79 


90 


>1 


18-67 


18-99 


19-30 


19-68 


SO-06 


ao-46 


30-86 


31-26 


21-66 


23-05 


33-45 


32-83 




33-60 




91 


91 


18-87 


19-18 


19-49 


19-87 


3025 


80-64 


31-04 


21-44 


31-84 


33-34 


22-64 


23-03 




23-79 






93 


19-06 


19-37 


19-68 


30-06 




30-83 


21-33 


31-63 


32-03 


38-42 


82-82 


33-21 


33-60 


93-98 


24-36 






19-36 


19-56 


19-97 


90-35 




31-01 


31-41 




22-21 


23-61 


23-01 


83-39 


23-79 


84-17 


24-55 




•S 


19-45 


19-75 


30-06 


20-44 




81-80 


Sl'GO 




32-40 


22-89 


23-19 




33-97 


34-86 


24-74 


95 


96 


19-64 


19-94 


30-35 


ao-63 


ao-99 


31-38 






33-48 


23-08 


93-38 




34-16 


24-55 


24-93 


96 


17 


19-83 


20-13 


30-44 


30-83 


31-17 






88-37 


23-67 


23-36 


a3-S6 


83-95 




24-74 


35-13 


97 


IB 


3049 


30-33 


30-63 


31-00 


31-36 




88-15 


33-55 


aa-«5 


23-45 


33-75 


34-13 






as-31 


98 






20-51 


S0-S3 


31-18 


91-54 


81-94 


38-34 


33-74 


83-04 




33-93 


34-39 


84-71 


25-U 


85-50 




ion 


ao-40 


90-70 


81-00 


31 -36 


81-73 


88-18 


83-33 


33-93 


33-33 


33-73 


34-18 


34-51 


34-90 


as-29 


3S-6B 


100 



Dimauioiu cf Piirti of Marine Engine*. 





1 


























D.«E« 


SIOMfl OF 3BVEB4L 




ThlcknHiof LimeEyooftruik. 






5-H 


































\ 




2 


H 


3 


H 


4 


*i 


5 


5i 


6 


4 


7 


H 


8 


H 


9 






V> 


1-71 


1-80 


1-89 


1-97 


9-05 


3-13 


919 


3-35 


3-39 3 


38 


3-4* 


2-50 


2-55 


9-60 


2-M 






SI 


1-77 


1-87 


1-95 


3-04 


9-13 


3-20 


3'97 


3-33 




40 3 


46 


3-53 






9-ro 








33 


1-83 


1-93 


3-01 


2-11 




3-38 


a-3s 


3-39 


2 


48 a 


54 


8-60 


9-66 




3-80 


3-86 






33 


l-BB 


1-99 


2-07 


3-tS 


3-38 


3-36 


3-43 


3-46 


3 


56 2 


63 


3-68 


3-74 


3-80 


2-89 


3-97 






2* 


1-95 


9-06 












3'54 




64 2 


70 


3-76 




3-B8 


3-98 


3-08 






as 


2-01 


3-13 






3-43 


3-53 


3-59 


3-63 




78 3 




8-84 


3-90 


3-96 


a-07 


318 








S-07 


3-19 


a-38 


2-39 


a-50 


2-59 


3-66 






80 3 


85 




2-98 


3-04 


3-16 


s-aB 






ST 




B-as 


2-35 


3-46 


2-58 


S-6B 


B-73 








■93 




3-06 


813 


3-25 








38 


a-19 




3-42 


3-S3 


a-65 


3-73 


2-80 




2 


94 1 9 


99 


a-06 




a-20 


3-34 








26 


S-25 


2-37 


349 


a-60 


2-73 


2-80 


3-87 


S-B4 


a-oi a 


DB 


3-13 


3 20 












30 


S'30 


iis 


3>56 


9-68 


S'80 


3-87 


3-94 


3-01 


3-08 a 


13 


3-18 


3-27 


3-36 




8-68 






31 


B-M 


350 


3-63 






3-94 


3-00 


3-07 


3-15 3 




3-96 


8-34 


3-43 


3-58 


3-73 






S3 


2'43 


3-56 






8-94 






3-13 


a'22 3 




8-34 


3-41 


3-50 


3-64 


3-78 






33 


3-49 


2-69 




9-86 


3-00 




8-12 


a-so 


3-39 3 






3-48 


3-57 


3-70 


3-8S 






U 


3-55 


3-66 


S-Sl 


2-92 


3-06 


3-15 


3-18 


8-ar 




49 




3-55 


3-64 


3-76 


3-88 








3-61 


a-Ts 


2-87 


2-98 


3-13 


3-23 


3-35 


334 


343 3 


49 


355 


3-63 


3-71 


3-83 


3-es 






se 


!'67 


3'Sl 


993 


304 


3-18 


S-S9 


3-33 


3-41 


3-50 3 


56 


8-63 




3-78 


3-88 








37 


B74 


a-87 


3-99 


3-10 


3-24 


3-35 


3-39 


348 


357 3 


63 


3-69 














3B 


3-81 


3-94 


305 






3-41 




3-55 


364 3 


70 


3-77 




391 




4-07 






39 


8-87 


3-00 


3-11 


8-22 




3-47 




3-62 


3-71 3 






3-90 


3-97 


4-04 


4-11 








3-93 


s-os 


3-17 


329 






3-60 




3-78 3 






3-96 


4-03 


4-09 


415 










3-13 


3-24 


3-37 


3-49 


3-58 


3-67 


3-7S 


3-85 3 




3-98 


4-04 


4-11 


4-17 


4-34 








3-13 


s-aa 


3-31 


3-45 


3-56 


3-65 


3-74 


3-81 


3-92 3 


99 


4-00 


4-13 


4-19 


4-96 


4-33 






48 


8-33 




3-39 


3-53 


3-63 


3-72 


3-Sl 


3-87 


3-99 4 


OG 


4-14 














*4 


3-33 




3-47 


3 '60 


3-69 


3-79 


3-88 


3-94 


4-06 4 


13 


4-23 


4-28 






448 






4S 


3-43 


3-47 


3-55 


3-67 




3-86 


3-95 


401 


4-ia 4 


19 


4-30 


436 


4-43 


4-49 


4-56 






46 


3-53 


3-56 


3-63 


3-74 




3-93 


4-oa 












4-51 


4-57 


4-64 






47 


8-63 


364 


3-71 


3-81 


3-87 




409 




4-25 4 


33 




4-58 


4-59 


4-65 


4-78 








3-73 


3-73 


8-79 


3'S8 


3-93 


4-06 


4-15 


4-99 


4-32 « 




4-53 


4-59 


4-G6 


4-73 


4-80 








3-83 




3-87 


3-95 


3-99 


4-12 


4-21 


4-29 


4-39 4 




4-59 


4-66 


4.73 




4-88 






SO 


8-93 


3-93 


395 


4i)a 


4-09 


4-18 


4-27 


4-36 


4-46 4 


55 


4'64 














SI 


4-oa 


899 




410 








4-49 


4-53 4 


63 


4-71 


4-79 


4-88 


4-65 


5-03 






S3 




4-05 




4-18 


4-24 














4'86 


4-95 


5-03 


6-10 






53 




4-13 


4-16 


4-36 


4-31 


4-38 


4-48 




4-67 4 






4-93 


5-03 


5-09 


5-n 










4-1B 


4-24 


4-33 


4-38 


4-45 


4-55 


4-61 


4-74 4 


S3 


4-93 


6-00 


5-09 


4-16 


S-24 








4-36 


4-26 


4-32 




4-45 


4-53 


4-62 


4-68 


4-8 1 4 


88 


4-B9 


607 




5-23 


631 






» 


4-45 






4-47 




4-59 


4-69 


4-75 


4-8B 4 


■94 


5-06 






5-30 








57 


4-S3 






4-54 






4<7G 


482 






s-ia 


5-90 












58 


4-62 


4-46 




4-61 




4-73 




4-89 


5-00 5 


-08 




5-26 


5-37 


B-44 


6-53 






59 


470 


4-53 


4-64 


4-68 








4-96 








S-39 


5-43 


5'5l 


6-59 






eo 


4-79 


4-60 


4-73 


4-76 


4-80 




4-95 




6-12 5 


■21 


5-31 


5-38 


5-49 


5-57 


5-66 






81 


4-89 


4-70 


4-SO 


4-83 


4-88 


495 


5-02 


5-10 


5-19 S 


28 


6-38 


5-45 


5-66 


S'64 


573 






83 


4-98 


4-80 


4-88 


4-90 


4'96 


5-03 


B-09 


B-17 


5-26 5 


35 


5-45 






6-71 








fiS 


6-OT 


4-90 




4-97 




6-09 


5-16 


5-24 


5-33 5 


41 


5-52 


6-59 




5-78 


5-87 






64 


6-16 


6-00 




5-03 




S'16 


S-23 


5-ai 


S-40 5 




5-S9 


5-66 


6-77 


5-85 


5-94 






65 


5-35 


6-10 


5-13 


B-09 


S-17 




B-30 




5-47 5 




5-66 


6-73 


5-84 


5-99 


6-01 






66 


5-34 


6-30 


5-30 


515 


5-24 


530 


6-37 






62 




5-80 


590 


6-98 


6-08 






67 


6-43 


5-30 


5-38 


5-91 


5-31 


5-37 


S-44 




5-61 B 


69 


B-80 


5-87 


5-97 


6-04 


G'18 








£-53 


6-40 


6-35 


537 


B-38 


B-44 


5-51 


5-59 


5-68 6 


76 


S-S7 


5-93 


6-M 


6-10 














5-49 




5-4S 


6-51 


B-58 


6-S6 


5-75 6 


83 


5-94 


5-69 


6-10 


6-17 














5-40 




5-S2 


5-38 


5-64 


5-73 


5-80 5 


86 


6-98 


G-06 




6-35 


6-35 






71 


S'80 




B-58 






S'66 


5-72 


6-79 


5-87 B 


■9G 


6-05 


6-13 


6-^3 


6-39 


6-42 






73 


6-90 




5-67 




5-68 




5-80 




5-64 G 


■03 




6-20 


6-30 


6-39 


6'4B 






73 


fi-99 


S-87 


5-76 


S-64 


s-7a 




5-88 




6-01 6 






6-97 


6-37 


6-46 


6-56 






74 


6-09 


5-96 


S'S4 


S-72 


6-84 




5-65 


6-00 


6-08 6 


17 


6-26 


6-34 


6-44 


6-53 


6-63 










6-05 


B-92 


5-80 


B-61 




6-02 


6-07 


6-15 6 


24 


6-33 


6-41 




6-60 


6-69 








637 


6-14 


8-00 




5-98 


6-03 


B-09 


6-14 


6-22 S 


31 


6-40 


6-48 




6-66 


6-75 








6-36 




fl-08 


5-95 


6-05 


6-10 


616 


6-21 


6-29 G 


38 


6-46 


6-55 


6-64 


6-73 


6-81 






78 


6-46 




G-16 




6-13 


6-17 


6-93 


6-38 




3G 6 






6-63 


6-71 


6-80 


6-87 






79 


6-56 




6-24 


6-09 


6-19 


6-34 


630 












6-69 


6-77 


6-86 


6-93 






BO 


6-66 






6-16 


6-26 




6-37 




6 


50 6 


58 


6-66 


6-75 


6-84 


6-93 


7-03 








6-76 






635 


6-34 


6-39 


6-44 


6-50 


G 


57 6 


65 


6-73 


6-83 


6-91 


r-00 


7-09 






as 


6-86 


6-69 




6-35 


6-42 


6-46 


6-51 


6-57 


6 


64 6 


-2 


6-80 


6-89 


6-98 


7-07 










83 


6-96 


6-79 


6-59 


6-44 


6-50 


6-54 


6-58 


6-64 


6 


71 6 


79 


6-87 


6-96 




7-14 




23 








7-06 


6-88 


6-68 


6-54 


6-58 


6-61 


6-65 


6-71 


6 


78 6 


86 


6-94 


7-03 


7-12 


791 




30 






85 


7-17 




6-76 


6-63 


6-66 


6-09 


6-73 


6-7fl 








7-01 


7-10 


7-19 


7-98 


7 


87 






66 


7-37 




6-84 


6-73 


6-74 


6-76 


6-79 










7-08 


7-17 


7-26 


7-35 


7 


44 






87 


7-37 


7-15 


6-93 


6-83 


6-83 




6-86 




6-96 7 


«6 


7-15 




7-33 


7-43 


7 


51 






88 


T-4T 


7-34 


7-00 




6-90 


6-91 


6-93 


6-S9 


7-02 7 


13 


7-31 




7-39 


7-48 


7 


57 






89 


7-S7 


7-33 


7-09 


7-01 


6-98 


6-99 


700 


7-06 


7-08 7 


18 


7-27 


7-36 


7-45 


7-54 


7 


63 






»0 


7-67 


7-49 


7-18 


711 


7-05 


7-06 


7-08 


711 


7-U 7 


94 


7-34 


7-43 


7-51 


7-60 


7 


69 






■1 


7-78 


7-52 


7-88 


7-90 


7-13 


7-14 


7-16 


7-19 


7-22 7 




7-41 


7-49 


7-58 


7-67 


T 


76 






*3 


7-83 


7-62 


7-87 


7-39 


7-21 


7-92 


7-33 


7-37 


7-30 7 


40 


7-48 


7-56 


7-65 


7-74 


7-8S 






93 




7-72 


7-46 


7-38 


7-39 




7-31 


7-35 


7-38 7 




7-55 


7-63 


7-73 


7-81 


7-90 






94 


8-09 


7-81 


7-55 


7-47 


7-37 




7-38 


7-43 


7-45 7 


55 


7-69 


7-70 


7-79 


7-B9 


7-97 






95 


8-20 


7-90 


7-64 






7-46 


7-46 


7-51 


7-52 7 


63 


7-69 


7-77 


7-86 




6-04 






96 


8-31 


7-99 




7-65 


7-53 


7-54 


7-53 


7-59 


7-60 7 


69 


7-76 


7-84 


7-93 


8-02 








67 




8-08 




7-73 


7-61 


7-62 


7-6! 


7-66 


7-68 7 


76 


7-83 






8-08 


6-18 






98 


a-69 


e-17 


7-61 


7-81 


769 


7-70 


7-68 


7-73 


7-76 7 




7-90 


7-98 


806 


e-15 


8-34 






99 


8-BS 


8-36 


8-00 


7-89 


7-77 


7-77 


7-75 


7-80 


7-83 7 


90 


7-97 


8-05 


8-18 


8-31 


8-30 






if!?— 


8-79 


8-40 


8-09 


7-97 


7-86 


7-84 


7-83 


7-87 


7-91 7 


£Z_ 


e-04 


a-11 


B-I6 


8-37 


836 






Dimamond ofParU ofMmiif JEnpina. 



lARfS OF CRANK. 


i 




TbtckMUnfYt-M) oCCrutM IlddleSb^ Cmut. 




2 


2* 


3 


H 


4 


H 


5 


H 


6 


6i 


7 


7i 


8 


8i 


9 




S-S4 


S-72 


2-Bl 


3-02 


3-93 


3-36 


3'49 


3-59 


8-70 


379 


8-89 


3-97 


4-06 


4-14 


4-22 


20 






S-B4 


2-93 


3-14 


3-34 


3-47 








3-91 


4-02 




4-19 


4-37 


4-36 


21 




8-86 


2-98 


3-05 


3-25 


3-45 


3-S8 


3-73 




3-94 


4-03 


4-14 




4-33 






22 




2-97. 




3-17 


3-36 


356 


3-69 


3-85 


3-95 


4-08 


4'IS 


4-28 


436 












3-08 


319 




3-4T 


3-67 


3-80 


3-97 


4-07 


4-18 


4-27 


4-38 


4-49 


4-58 


4.66 


477 






3'19 


3-30 


3-41 


3-58 


378 


3-91 


4-09 


4-19 


4-30 






4-G2 


471 


479 


4-90 






3-30 


3-41 


3-52 


3-69 






4 '20 






4-51 


4-63 




4-84 


4-92 


B-03 


26 






3-S2 


3-63 


3-80 


H-OO 




4-31 


4-41 




4-63 


4-74 


4-86 


4-97 


B-OS 


5-16 


27 




s-sa 


3-e3 


3-74 


3-91 


410 


4-34 


4-42 






475 


4-86 






6-18 




23 




3-63 






4-oa 


4-20 


4-36 


4-53 


4-63 


475 


4-B7 


4-98 








3-43 






3-7S 


3-8S 


3-96 




4-30 


4-46 


4-62 




4-87 


4-99 


5-11 


3-22 




6-44 


3-33 


30 




3-83 


3-94 


4-06 


4-23 




4-56 


472 


4-85 


4-98 


6-10 




6-34 


5-46 


5-58 


B-67 


31 




3-91 


4-03 


4-16 


4-33 


449 


4-66 






6-09 


6-21 


B-34 


B-46 


B-57 


6-68 


3-79 


32 




3-99 


4-12 


4'a6 


4-43 


4-59 


476 








5-33 


8'4B 


B-58 


5-69 


3-80 




33 




*-07 


4-21 


4-36 


4-53 


4-69 


4-8B 


803 


fi-18 


6-31 


6-43 


3-57 




3-80 




6-lM 


34 




<-i5 






4-6! 


479 


4-96 


5-13 


e-28 


6-49 


5-54 


B'eS 


3-BI 




6-03 


615 






4-2S 


4'38 


4-S4 




4'89 


6-06 


5-22 


3-38 


a-53 


5-65 


679 


6-92 


6-03 


6-15 


6-2T 


36 




4-S9 


4-48 


4-E3 


4-80 




5-16 


5-33 


6-48 


6-G4 


578 


3-90 


6-03 


6-15 


8-26 


6-39 


37 






4-54 


4-72 


4-69 


S-08 




5-42 






5-87 


6-01 


6-14 


6-26 


6-37 


6-Sl 


38 




4*3 


4-62 


4-81 


4-98 


5-! 8 


S-36 


5-52 


6-68 


B-84 


6-98 


6-12 




6-38 






39 




*-50 


4-70 


4-90 


5-09 


5-28 


fi-45 


5-69 


B78 


3-94 


6-08 


6-23 




6-49 




6-74 


40 




4-60 




5-00 


5-19 


f-38 


5-54 


S70 


fi-86 


6-03 


6-18 


6-34 




6-61 


6-73 


6-B6 






4-70 


4-90 




5-29 




S-63 


578 


3-94 


6-11 


6-28 




6-59 


6-73 


6-83 


6-97 






4-SO 


S-00 


3-20 


5-39 




6-ja 




6-02 




6-38 


6-56 


6-70 


6-85 


6-97 


7-OB 


43 






ao9 


5-30 


5-49 


5-68 




9-94 




6-28 


6-47 


6-67 


6-81 


6-97 


7-09 


7-19 






4-98 


a-18 


3-39 


5-58 


578 


S-90 


6-03 


6-18 




6-57 


677 


6-92 


7-09 


7-21 


7-30 


43 




6-07 


S-27 


5-48 


5-67 


5-87 


B-98 


6-10 


6-26 


6-45 


6-67 


5-87 








7-41 


46 




5-18 


5-36 


5-57 


5-76 


5-96 


6-06 


6-18 


B-34 


6-54 


676 


6-97 


7-14 




7-43 


7-53 


47 




5-SS 


S-45 


9-66 




6-05 


6-14 


6-26 


6-42 


6-63 


6-S5 


7-07 


7-23 




7-34 


7-63 


48 




6-34 


a-54 


S-75 


5-94 




6-22 


6-34 


6-50 






7-17 


7-3B 


7-56 


7-65 


774 


49 




5-43 


a-63 


5-84 


6-03 


fl-S3 


6-30 


6-38 


6-58 




7-03 


7-37 


7-47 


7-67 


7-76 


7-86 


60 




B-sa 


5-ra 


5-94 


6-13 


fl-33 


6-41 


6-50 


6-70 


6-91 


7-14 


7-37 


7-57 


777 


7-86 


7-96 


61 




S-61 


5-81 


6-03 


6-23 


6-43 


fi-S2 


6-62 


6-81 


7-03 


7-25 


7-47 




7-87 


7-96 


B-07 


52 




S-70 


6-90 






6-53 


6-63 


6-74 


B-93 


7-16 


7-36 


7-57 


777 


7-96 


8-06 


e-18 


S3 




5-78 


6-98 


6-Sl 


6-4! 




6-74 




7-04 


7-27 


7-47 


7-67 


7-87 


8-05 


8-16 


8-39 


64 




3-B6 


6-OB 


6-30 


S5l 






6-98 


7-16 


7-39 


7-68 


777 


7-97 


8-14 


8-25 


8-40 


55 




S-84 


B-U 


6-39 


6-60 


6-8a 


6-96 


7-10 


7-27 




7-69 


7-87 


8-07 


8-23 


8-35 


8-31 


58 




6-OS 


6-SS 


6-48 


6-69 


6-91 


7-05 


7-22 




7-61 


779 


7-97 


8-16 


8-33 


8-45 


8-61 






6-10 


6-30 


6-57 


6-78 


7-00 


7-16 


7-33 


7-50 


772 


7-89 


8-07 


8-25 


8-41 


8-55 


871 


58 




a-18 


6-38 


6-66 


S-87 


7-09 


7-26 


7-44 


7-62 


7-83 


T-99 


8-17 


8-34 


8-50 


8-65 


8-81 


69 




B-S6 


6-50 


673 


6-96 


718 


7-36 


7-55 


7-73 


7-93 


8-09 


8-37 




8-59 


873 


8-91 


60 




6-37 


6-61 


6-85 


7-06 


7-27 


7-4B 


7-65 


7-83 


8-02 


8-19 


8-37 


8-53 


8-69 


8-86 


9-01 


61 




S-48 


6-71 


6-95 


7-16 


7-36 


T-56 


775 


7-93 


8-11 


8-28 


8-47 


8-63 


879 


8-95 


9-11 


62 




659 


6-81 


7-05 


7-25 


7-45 


7-85 


7-85 


8-03 


8 21 




8-58 


8-73 




9-05 


9-21 






670 


6-91 


7-15 


7-34 


7-54 






8-13 




8-47 


8-6B 


8-83 


8-97 


91S 


9-31 






6-81 


7-00 


7-24 


7-43 


7-63 


7-83 


8-03 




8-39 


8-S6 


875 


8-93 


9-07 


9-2S 


9-43 


66 




B-93 


710 


7-33 


7-52 


7-72 


7-92 


8-lS 


8-31 


8-49 


8-66 


8-8» 




9-17 




9-52 


66 




7-oa 


7-19 


7-42 


7-61 


7-81 


801 


8'21 


8-40 


8-58 


8-75 


8-94 








9-62 


67 




7-12 


7-30 


7-51 


7-70 


7-90 


810 


S'30 


8-49 


8-6B 


8-85 


9-04 


9-21 


9-37 


9-35 


9-79 


es 




7-22 


7-40 


7-60 


779 


7-99 


8-19 


8-39 


8-58 


877 


8-95 


314 


9-31 


9-47 


9-63 


9-82 






7-33 


7-50 


7-69 


7-88 


8-08 


8-28 


8-48 




8-87 




9-24 


9-41 


9-59 


975 


9-92 






7-42 


7-60 


7-78 


7-98 


818 


6-37 


8-57 


8-76 


8-97 


9-17 


9-36 


9-53 


971 


9-87 


10-03 


71 




7-51 


7-69 


7-87 


8-07 


8-28 


8-46 


8-66 


8-85 


9-07 


929 


9-48 




9-83 


9-99 


10-12 


72 




7-61 


7-79 




8-17 


8-38 


B-55 


8-74 


8-94 


9-17 


9-40 


9-60 




9-94 


10-11 


10-22 


73 




7-70 


7-88 


8-06 




8-47 


8-64 


8-82 


9-03 


9-26 


952 


971 


9-88 


10-06 


10-23 


10-32 


74 




7-80 


7-98 


8-16 


8-36 


8-57 


873 


8-90 


9-13 


9-35 






9-99 


10-17 


10-33 


10-43 


75 




7-89 


8-07 


8-25 


8-46 


8-67 


8-83 


8-98 








9-93 


10-11 


10-28 


10-47 


10-63 


76 




7-99 


8-16 


8-34 


8-SS 


8-77 


8-91 


9-06 




9-53 


9-85 


10-04 


10-22 


10-40 


10-59 


10-63 


77 




8-oe 


8-26 




8-65 


8-87 


9-00 


9-14 


9-39 


9-62 


9-96 


10-16 


10-33 






10-73 


78 




8-18 




8-53 




8-96 


9-09 


9-22 


9-47 


971 


10-07 


10-2H 


10-44 


10-63 


I0-B3 


10-84 






B-ST 


844 


B-6a 




9-06 


9-18 


9-30 


9-55 


9-80 


1019 


10-37 


10-55 


1075 


10-85 


10-94 


80 




8-37 


8S4 


8-72 


8-93 






9-41 


965 


9-90 


10-27 


10-45 


10-63 


10-83 


10-93 


11-03 


81 




8'4S 


863 


8-81 


9-oa 




9-37 








10-35 


10-53 


1071 


10-91 


11-00 


11-13 


83 




8-56 


8-73 


8-91 


9-11 


9-33 


9-47 


9-62 




10-08 


10-39 


10-61 


10-79 






1122 


■ 83 




8flS 






9-20 


942 


9-56 


972 


9-94 


10-18 


10-49 


10-69 


10-87 


11-07 




11-31 


84 




8-75 






9-29 


9-51 


9-65 


9-82 


10-04 


10-27 


10-58 


1077 


10-95 


11-1.1 


1123 


11-41 






8-85 


9-01 


9- IS 


9-38 


9-60 


9-74 


9-92 


10-13 


10-36 


10.67 




11-03 


11-23 


11-30 


11-50 






8-94 


9-11 


9-27 




9-67 




1003 


10-23 


1D'4S 




10-91 


11-10 


11-30 


11-38 


11-60 


87 






9-20 


9-36 


9-56 












10-87 


10-99 


11-17 


11-37 


11-4S 


11-69 






913 


930 


9-43 


9-65 




lO-OS 


10-23 


10-43 


10-63 


10-90 


11-03 


11-24 


11-44 


11-53 


1179 


89 




9-23 






9-74 


9-93 


10-13 


10-33 


10-53 


10-73 


10-93 


H-13 


11-32 


11-51 


11-70 


11-89 


90 




9-33 


9-49 


8-68 


9-83 


10-02 


10-33 


10-42 


10-62 


10-82 


11-03 


11-22 






11-80 


11-99 


91 




B-43 


9-58 


9-J4 


9-93 


1011 


10-32 


10-51 


1071 


10-92 


1111 


11-32 


11-51 


11-69 


1189 


13-08 






9-S3 


9-68 


9-84 




10-31 


10-41 


lO'Gl 




11-01 




11-41 


11-60 




11-99 


12-18 


93 




9-63 


9-78 


9-93 


10-12 






10-70 


10-90 




11-30 


11-30 


11-69 


11-89 


12-08 


12-27 


94 




9-73 




10-03 


10-21 


10-39 


10-fiO 




10-99 


1120 


11-39 


U-39 


11-79 


11-98 


12-18 


12-37 


95 




a-82 


9-97 


10-12 


10-30 


10-49 


10-69 


10-89 


1109 


11-29 


11-49 


11-68 


1188 


12-08 


1237 


12-46 






9-91 


10-07 


10-22 


10-40 


10-38 


1078 


10-98 


11-18 


n-39 


11-38 


11-78 




12-17 


12-36 


12-56 


97 




I(H)l 


10-16 


10-31 


10-49 


10-68 


10-88 


11-08 


11-27 


11 '48 


11-67 


11-87 




12-27 


12-48 


12-84 






10-11 


10-25 


10-41 


10-59 


1077 


10-97 


1117 


11-37 


11-37 


11-Jfl 


11-96 


12-16 


12-38 


12BS 


1274 


99 


I 10^ 


ir-3S 


10-50 


10-6B 


10-86 


1108 


11-26 


11-46 


11-66 


11-86 


12-06 


12-25 


12-43 


12-64 


12-84 


100 



128 



DimendofU of Parts of Marine Engines. 
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1. 

^* Si 
1^ 


























DIMENSIONS OF PADDLB 
















DiAnma of Paddle Shaft Jourual 


• 














Smik* C 
taPMbJ 


2 


^ 


3 


1 


4 


^ 


5 


H 


6 


6i 


7 


7i 


8 


H 


9 






21 


4*23 


4-54 


4-82 


5*05 


5-30 


5-50 


5-71 


5-89 


6*07 


6*23 


6*39 


6-54 


6*68 


6*80 


6-95 






S3 


4-37 


4-68 


4*96 


5*20 


5-46 


5-66 


5*88 


6-07 


6*25 


6*42 


6*68 


6-83 


6*88 


7*01 


7-16 






23 


4*52 


4-81 


611 


5*35 


5*62 


5-83 


6-05 


6-25 


6*43 


6*61 


6*77 


7*03 


7*08 


7*21 


7-37 






24 


4-66 


4-95 


5*25 


5*61 


5*78 


5*99 


6*22 


6-43 


6*62 


6*80 


6*96 


7*22 


7*28 


7*42 


7-58 






25 


4*81 


5-09 


5*40 


5*66 


5*94 


6*16 


6*40 


6*60 


6*80 


6*98 


7*15 


7*42 


7*49 


7*62 


7-78 






26 


4-95 


5-22 


6-54 


5*81 


6*10 


6*33 


6*57 


6*78 


6*98 


717 


7*35 


7-61 


7*69 


7*83 


7-99 






27 


5-10 


5-36 


6-69 


5*96 


6*26 


6*49 


6*74 


6*96 


7*16 


7*36 


7*54 


7*81 


7*89 


8*03 


8-20 






28 


5*24 


5-49 


5-83 


6*11 


6*42 


6*66 


6*91 


7*14 


7*35 


7*65 


7-73 


8*01 


8*09 


8*24 


8-41 






29 


538 


5-53 


6-98 


6*26 


6*68 


6*82 


7*08 


7*31 


7*63 


7*73 


7*92 


8*20 


8*29 


8*44 


8-62 






30 


5-42 


5-67 


6*12 


6*42 


6-74 


6*99 


7-26 


7*49 


7*72 


7*92 


8*12 


8*30 


8*49 


8*65 


8*83 






31 


5-47 


5-88 


6*25 


6*66 


6*84 


7*14 


7*41 


7*65 


7*88 


8*09 


8*29 


8*47 


8*67 


8*83 


9*02 






32 


5-59 


6-00 


6*38 


6*69 


6*98 


7*29 


7*66 


7*81 


8*04 


8*25 


8*46 


8*65 


8*85 


9*02 


9-21 






33 


5-71 


6-12 


6*61 


6*83 


7*12 


7*43 


7*71 


7*97 


8*20 


8*42 


8*63 


8*82 


9*03 


9*20 


9-39 






34 


5-83 


6*24 


6*64 


6*96 


7*26 


7*58 


7*87 


8*13 


8*37 


8*58 


8*80 


9*00 


9*21 


9*39 


9-68 






35 


5-95 


6-37 


6*77 


7*10 


7*41 


7*73 


802 


8*28 


8*53 


8*75 


8*97 


9*17 


9*39 


9*57 


9*76 






36 


6-07 


6*49 


6*90 


7*23 


7*55 


7*88 


8*17 


8*44 


8*69 


8*92 


9*14 


9*35 


9*57 


9*76 


9*95 






37 


6-19 


6-61 


7*03 


7*37 


7*69 


8*03 


8*32 


8*60 


8-85 


9*08 


9*31 


9*52 


9*75 


9*94 


10*14 






38 


6-31 


6*73 


716 


7*60 


7*83 


8*17 


8*47 


8*76 


9*02 


9*25 


9*48 


9-70 


9*93 


10-12 


10*33 






39 


6-43 


6-85 


7*29 


7*64 


7-97 


8*32 


8*63 


8*91 


9*18 


9*42 


9*65 


9-87 


10*11 


10-30 


10*51 






40 


6-55 


6*98 


7*42 


7*78 


8-16 


8*47 


8*79 


9*07 


9*35 


9*59 


9*83 


10-05 


10*29 


10*49 


10*70 






41 


6-57 


7*19 


7*54 


7*90 


8-29 


8*60 


8*93 


9*21 


9*50 


9*74 


9*99 


10-21 


10*45 


10*66 


10-87 






42 


6-67 


7*20 


7*66 


8*03 


8*42 


8*74 


9*07 


9*36 


9*65 


9*89 


10*15 


10*37 


10*62 


10*83 


11-04 






43 


6-77 


7*31 


7*78 


8*15 


8*65 


8*87 


9*21 


9*50 


9*80 


10*04 


10*31 


10*53 


10*78 


11-00 


11-21 






44 


6-87 


7*42 


7-90 


8*28 


8*68 


9*01 


9*35 


9*65 


9*95 


10*19 


10*47 


10*70 


10*95 


11-16 


11-38 






45 


6-97 


7*54 


8-02 


8*40 


8*81 


9*14 


9*50 


9*79 


10*10 


10*35 


10*63 


10*86 


11*11 


11-33 


11-55 






46 


7-06 


7-65 


8-15 


8-53 


8*94 


9*28 


9*64 


9*94 


10*26 


10*60 


10*78 


11*02 


11*28 


11-60 


11-72 






47 


716 


7-76 


8-27 


8*65 


9*07 


9*41 


9*78 


10*08 


10*39 


10*65 


10*93 


11*18 


11*44 


11-66 


U-89 






48 


7-26 


7-88 


8-40 


8*78 


9*20 


9*65 


9*92 


10*23 


10*54 


10*80 


11*09 


11*34 


11*61 


11*83 


12-06 






49 


7-37 


7-99 


8-52 


8*90 


9*33 


9*68 


10*06 


10*37 


10*69 


10*96 


11*15 


11*61 


11*77 


12*00 


12-23 






50 


7-48 


8*10 


8-61 


9*02 


9-46 


9*82 


10*20 


10*51 


10*84 


11*12 


11*42 


11*67 


11*94 


12*17 


12-41 






51 


7-60 


8-20 


8-72 


9*14 


9-58 


9*95 


10*34 


10*65 


10*98 


11*27 


11*57 


11*82 


12*10 


12*33 


12*57 






52 


7-70 


8-31 


8-83 


9*26 


9-71 


1008 


10*47 


10-79 


11-12 


11*41 


11*71 


11*97 


12*25 


12*49 


12*73 






53 


7-80 


8-41 


8-94 


9*38 


9-83 


10*21 


10*61 


10*93 


11*26 


11*56 


11*86 


12*12 


12*41 


12*64 


12-89 






54 


7-90 


8-52 


9-05 


9*60 


9*96 


10*34 


10*74 


11*06 


11*40 


11*70 


12*00 


12*27 


12*56 


12*80 


13-05 






55 


8-00 


8-62 


9-16 


9*61 


10-08 


10*47 


10-88 


11*20 


11*54 


11*85 


12-15 


12*42 


12*72 


12*96 


13-21 






56 


8*09 


8-73 


9-27 


9*73 


10*21 


10*60 


11-01 


11*33 


11*69 


11*99 


12-29 


12*57 


12*87 


13-15 


13-37 






67 


8*19 


8*84 


9-39 


9*86 


10*33 


10*73 


11-15 


11*47 


11*83 


12*14 


12*44 


12*72 


13*03 


13*31 


13-53 






58 


8-29 


8-94 


9-50 


9*97 


10*45 


10*86 


11-28 


11*61 


12*97 


12*28 


12*58 


12*87 


13*18 


13-47 


13-69 






59 


8-39 


9-05 


9-61 


10*08 


iO*58 


10*99 


11-42 


11*75 


12*11 


12*42 


12*72 


13*02 


13*33 


13-62 


13-85 






60 


8*49 


915 


972 


10*20 


10*70 


1112 


11-55 


11*89 


12*25 


12*66 


12*89 


13*17 


13*48 


13-74 


14-02 






61 


8-58 


9*25 


9-82 


10*30 


10*79 


11*23 


11*67 


12*02 


12*38 


12*70 


13*03 


13*31 


13*63 


13*89 


14-17 






62 


8-67 


9*35 


9*93 


10*40 


10*89 


11*34 


11*79 


12*14 


12*51 


12*83 


13*17 


13*45 


13*77 


14*04 


14-32 






63 


8-76 


9*45 


10-03 


10*50 


10*98 


11*45 


11*91 


12-27 


12*65 


12*97 


13*31 


13*59 


13*92 


14-19 


14-47 






64 


8*86 


9*55 


10-14 


10*60 


11-08 


11*56 


12*03 


12-39 


12*78 


13*10 


13*45 


13*73 


14*06 


14-34 


14*62 






65 


8-95 


9*65 


10-24 


10*70 


11-17 


11*67 


12-16 


12*52 


12*91 


13*24 


13*59 


13*87 


14*21 


14-49 


14-77 






66 


9-04 


9*74 


10-35 


10*79 


11-27 


11*78 


12-28 


12*64 


13*04 


13*37 


13*73 


14*02 


14*36 


14-64 


14-93 






67 


9-13 


9-84 


10-45 


10*89 


11-36 


11*89 


12-40 


12*77 


13*17 


13*51 


13*87 


14*16 


14*60 


14*79 


15-08 


, 




68 


9-22 


9*94 


10-56 


10*99 


11-45 


11*99 


12*62 


12*89 


13*30 


13*65 


14*01 


14*30 


14*64 


14*94 


15-23 






69 


9*31 


10*04 


10*66 


11*09 


11-54 


12*10 


12*64 


13-02 


13*43 


13*78 


14*15 


14*45 


14*79 


15*09 


15-39 






70 


9-41 


10*14 


10*77 


11*19 


11-64 


12*20 


12-77 


1316 


13*67 


13*92 


14*29 


14*60 


14*94 


16-23 


15-54 






71 


9-50 


10*23 


10*87 


11*30 


11*77 


12*32 


12*89 


13*28 


13*70 


1405 


14-42 


14*74 


15*08 


15-37 


15-68 






72 


9-59 


1033 


10*97 


11*41 


11-90 


12*44 


1301 


13-40 


13*82 


14*18 


14*55 


14*88 


15*22 


16-51 


15-83 






73 


9-67 


10*42 


11*07 


11*62 


12*03 


12*66 


13*13 


13-52 


13*95 


14*31 


14*69 


15*02 


15*36 


15-65 


15-97 






74 


9-76 


10*52 


11*17 


11*62 


12*16 


12*67 


13*25 


13-64 


14*07 


14*44 


14*82 


15*15 


15*60 


15-79 


16-12 






75 


9-85 


10-61 


11*27 


' 11*73 


12*29 


12*79 


13*37 


13-76 


14*20 


14*57 


14*95 


15*29 


16*64 


15-93 


16-26 






76 


9-93 


10-71 


11*36 


11*83 


12*43 


12*91 


13*49 


13-89 


14*32 


14*70 


15*09 


16*43 


15*78 


16-07 


16*41 






77 


10-02 


10*80 


11*46 


11*94 


12*56 


13*03 


13*61 


14-01 


14*45 


14*83 


16*22 


15*56 


15*92 


16-21 


16*55 






78 


10-11 


10-89 


11*56 


12*05 


12*69 


13*15 


13*73 


14-13 


14*57 


14*96 


15*35 


15*69 


16*06 


16-35 


16-70 






79 


10-20 


10*99 


11*66 


12*16 


12*83 


13*26 


13*85 


14-26 


14*70 


16*09 


15*48 


15*82 


16*20 


16*49 


16-84 






80 


10-29 


11-08 


11*76 


12*27 


12*96 


1338 


13*96 


14-88 


14*84 


15*22 


15*62 


15*97 


16*33 


16-63 


16-98 






81 


10-37 


1117 


11*86 


12*38 


13*06 


13*49 


14*07 


14-50 


14*96 


16*34 


16*75 


16*10 


16*46 


16*74 


17-12 






82 


10-46 


11*26 


11*96 


12*49 


13*17 


13*61 


14*19 


14-62 


15-08 


16*46 


15*88 


16*23 


16*59 


16*88 


17*26 






83 


10-54 


11*35 


12*06 


12*60 


13-27 


13*73 


14*30 


14*73 


15*20 


16*59 


16*00 


16*36 


16-73 


17*01 


17-40 






84 


10-63 


11*44 


12*15 


12*71 


13-38 


13*84 


14*42 


14-85 


15*32 


16*71 


16*13 


16*49 


16*86 


17-14 


17-54 






85 


10-71 


11*52 


12*25 


12*81 


13-48 


13*95 


14-63 


14-97 


15*44 


16*84 


16*25 


16*61 


17-00 


17*28 


17-68 






86 


10-80 


11*61 


12*35 


12*92 


13-69 


14*07 


14*65 


15-09 


15*66 


15*96 


16*38 


16*74 


17*13 


17-42 


17-82 






87 


10-88 


11*70 


12*44 


13*03 


13-69 


14*18 


14*76 


15-21 


15*68 


16*09 


16*50 


16*87 


17*27 


17-56 


17*96 






88 


10-97 


11*79 


12-54 


13*14 


13-80 


14*30 


14*88 


15-32 


16*80 


16*21 


16*63 


17*00 


17*40 


17-70 


18-10 






89 


11-05 


11-88 


12-64 


13*24 


13-90 


14*42 


14*99 


15*44 


15*92 


16*33 


16-75 


17*13 


17*63 


17-84 


18-24 






90 


11-13 


11*99 


12-74 


13-34 


14-00 


14*54 


16*10 


15*66 


16*05 


16*45 


16*89 


17*26 


17*66 


18-01 


18-37 






91 


11-21 


12-08 


12-83 


13-40 


14-11 


14*64 


15*21 


15-67 


16*17 


16*67 


17-02 


17*39 


17*79 


18-14 


18-51 






92 


11-29 


12«17 


12-92 


13-47 


14-21 


14*75 


15*32 


15-79 


16*28 


16*69 


17-14 


17*51 


17*92 


18-27 


18-64 






93 


11-37 


12*26 


13-01 


13-63 


14*32 


14*85 


15*43 


15-90 


16*40 


16*81 


17*26 


17*64 


18*05 


18-40 


18-78 






94 


11-45 


12*34 


1310 


13-60 


14-42 


14*96 


15*54 


16-02 


16*51 


16*93 


17*38 


17*76 


18*18 


18-53 


18-91 






95 


11-53 


12-43 


13*20 


13-66 


14*53 


15*07 


15*65 


16-13 


16*63 


17*05 


17*51 


17*88 


18*31 


18-66 


19-05 






96 


11*61 


12-61 


13*29 


13*73 


14-63 


15*18 


15*76 


16-25 


16*74 


17*18 


17*63 


18*01 


18*44 


18-79 


19*18 






97 


11-69 


12-60 


13*38 


13-79 


14-74 


16*29 
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5-69 
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8-09 
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8-38 
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8-95 

9*09 

9*23 

9*37 

9-51 

9-65 

9-80 

9-94 

10*08 

10-22 
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8-27 
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9-23 

9-39 

9-54 

9-70 

9-86 
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10-18 

10-34 

10-50 

10-66 

10-82 

10-98 

11-13 

11-29 

11-45 

11-61 

11-77 

11*93 

12*08 

12*24 

12*40 

12*56 

12*72 

12*88 

13*04 

13*19 

13*35 

13*51 

13*67 

13*83 

13*99 
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14*30 
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15*26 

15-42 
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15*74 

15-90 
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Diameter of Cylinder, 
in Inches. 


Dimensions of several Parts of Qylinder Side Rods. 




Dimensions of several Parts of Side Lever, and Side Lever Centres 
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Diameter of Cylinder 

Side Rods at Ends, 

in Inches. 


Breadth of Butt, in 
Inches. 


lliickness of Butt, in 
Inches. 


Mean Thickness of 
Strap at Cutter, in 
Inches. 


Mean Thickness of 

Strap below Cutter, 

In inches. 


Depth of Gibs and 
Cutter, in Inches. 


Thickness of Gibs 
and Cutler, in Inches. 


Diameter of Main 
Centre Journal, in 
Inches. 


Length of Main 

Centre Journal, in 

Inches. 


Depth of Eye round 
End Studs of Lever, 
in Inches. 


Thickness of Eye 

round End Studs, in 

Inches. 


Diameter of End 
Studs, in Inches. 


Length of End Studs, 
in Inches. 


Diameter of Air Pump 
Studs, in Inches. 


Length of Air Pump 
Studs, in Inches. 
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31-14 


31*61 


44 




45 


22-91 


23-83 


24-68 


25-48 


26-23 


26-93 


27-61 


28-25 


28-87 


29-45 


30-02 


30-58 


31-09 


31-61 


32-09 


45 




46 


23-25 


24-19 


25-04 


25-85 


26-62 


27-33 


28-02 


28-67 


29-29 


29-88 


30-46 


31-03 


31-55 


32-07 


32-56 


46 




47 


23-58 


24-55 


25-40 


26-22 


27-00 


27-72 


28-42 


29-08 


29-71 


30-31 


30-90 


31-48 


32-01 


32-53 


33-03 


47 




48 


23-91 


24-90 


25-76 


26-59 


27-38 


28-11 


28-82 


29-49 


30-13 


30-74 


31-34 


31-92 


32-46 


32-99 


33-50 


48 




49 


24*25 


25-24 


26-12 


26-96 


27-76 


28-50 


29-22 


29-90 


30-55 


31-17 


31-78 


32-36 


32-91 


33-45 


33-97 


49 




50 


24-58 


25-57 


26-48 


27-33 


28-14 


28-89 


29-62 


30-31 


80-97 


31-59 


32-21 


32-80 


33-36 


33-91 


34-43 


50 




51 


24-90 


25-90 


26-82 


27-69 


28-51 


29-27 


30-01 


30-70 


31-37 


32-00 


32-63 


33-23 


33-79 


34-35 


34-88 


51 




52 


25*22 


26-23 


27-16 


28-04 


28-87 


29-65 


30-39 


31-09 


31-77 


32-41 


33-05 


33-65 


34-22 


34-79 


35-33 


52 




53 


25-53 


26-56 


27-50 


28-39 


29-23 


30-02 


30-77 


31-48 


3217 


32-82 


33-46 


34-07 


34-65 


35-23 


35-78 


53 




54 


25-85 


26-89 


27-84 


28-74 


29-59 


30-39 


31-15 


31-87 


32-57 


33-23 


33-87 


34-49 


35*08 


35*67 


36-23 


54 




55 


26-16 


27-22 


28-18 


29-09 


29-95 


30-76 


31*53 


32-26 


32-96 


33-63 


34-28 


34-91 


35*51 


36-10 


36-65 


55 




56 


26-48 


27-55 


28-54 


29-45 


30-32 


31-14 


31-92 


32-66 


33-37 


34-04 


34-70 


35-34 


35-95 


36-54 


37*10 


56 




57 


26-80 


27-88 


28-90 


29-81 


30-69 


31-52 


32-31 


33-05 


33-77 


34-45 


35-12 


35-77 


36-38 


36*98 


37-55 


67 




58 


27-12 


28-21 


29-26 


30-17 


31-05 


81-89 


32-69 


33-44 


34-17 


34-86 


35-54 


36-20 


36-81 


37-42 


38-00 


58 




59 


27*43 


28-54 


29-61 


30-52 


31-41 


82-26 


33-07 


33-83 


34-57 


35-27 


35-96 


36-63 


37-24 


37-86 


38-44 


59 




60 


27-75 


28-87 


29*90 


30-87 


31-77 


32-63 


33-45 


34-22 


34-97 


35-68 


36-37 


37-04 


37-67 


38*30 


38-88 


60 




61 


28-06 


29-19 


30-23 


31-21 


32-12 


32-99 


33-82 


34-60 


35-36 


36-08 


36-77 


37*46 


38-02 


38-72 


39-31 


61 




62 


28-37 


29*51 


30-56 


31-55 


82-47 


83-35 


34-19 


34-98 


35-75 


36-47 


37-17 


37-87 


38-44 


39-14 


39-74 


62 




63 


28-68 


29-83 


30-89 


31-89 


32-82 


83-71 


34-56 


35-36 


36-13 


36-86 


37-57 


38-27 


38-85 


39-56 


40-13 


63 




64 


28-98 


30-15 


31*21 


32-22 


33-17 


84-07 


34-92 


35-73 


36-51 


37-25 


37-96 


38-67 


39-26 


39-98 


40-56 


64 




65 


29-28 


30-46 


31-54 


32-56 


33-51 


34-42 


35-28 


36-10 


36-89 


37*63 


38-36 


39-07 


39-73 


40-40 


41*01 


65 




66 


29-58 


30-77 


31-87 


32-90 


33-86 


34-77 


35-64 


36-47 


37-27 


38-02 


38-76 


39-47 


40-14 


40-82 


41-43 


66 




67 


29-88 


31-08 


32-19 


33-23 


34-20 


35-12 


36-00 


36-84 


37-65 


38-41 


39-15 


39-87 


40-54 


41-23 


41*85 


67 




68 


30-18 


31-39 


32-51 


33-56 


34-54 


35-47 


36-36 


37-21 


38-03 


38-79 


39-54 


40*27 


40-95 


41*64 


42-27 


68 




69 


30-48 


31-70 


32-83 


33-89 


34-88 


35-82 


36-72 


37-58 


38-40 


39-17 


39-93 


40-67 


41-36 


42-05 


42-69 


69 




70 


30-77 


32-01 


33-15 


34-22 


35-22 


36-17 


37-08 


37-94 


38-77 


39-55 


40-32 


41*07 


41-76 


42-46 


43-10 


70 




71 


31-06 


32-31 


33-46 


34-54 


35-55 


36-51 


37-43 


38-30 


39-12 


39-92 


40-70 


41-46 


42-15 


42-86 


43-51 


71 




72 


31-35 


32-61 


33-77 


34-86 


35-88 


36-85 


37-78 


38-66 


39 46 


40-29 


41-08 


41-85 


42-54 


43-26 


43-92 


72 




73 


31-64 


32-91 


34-08 


35-18 


36-21 


37-19 


38-13 


39-01 


39-80 


40-66 


41-46 


42-23 


42-93 


43-66 


44-32 


73 




74 


31-93 


33-21 


34-39 


35-50 


36-54 


37-53 


38-47 


39-36 


40-14 


41-03 


41-83 


42-61 


43-32 


44-05 


44-72 


74 




75 


32-21 


33-51 


34-70 


35-82 


36-87 


37-86 


38-81 


39-71 


40-48 


41-40 


42-20 


42-99 


43-71 


44-44 


4512 


75 




76 


32-50 


33-81 


35-01 


36-14 


37-20 


3S-20 


39-16 


40-06 


40-86 


41-77 


42-58 


43-37 


4410 


44-84 


45-52 


76 




77 


32-78 


34-11 


35-32 


36-46 


37-53 


38-54 


39-50 


40-41 


41-24 


42-14 


42-95 


43-75 


44-49 


45-23 


45-92 


77 




78 


33-06 


34-40 


35-62 


36-77 


37-85 


38-87 


39-84 


40-76 


41-62 


42-50 


43-32 


44-13 


44-87 


45-62 


46-32 


78 




79 


33-34 


34-69 


35-92 


37-08 


38-17 


39-20 


40-18 


41*11 


42-00 


42-86 


43-69 


44-51 


45-25 


46-01 


46-71 


79 


• 


80 


33-62 


34-98 


36*22 


37-39 


38-49 


89-53 


40-52 


41-46 


42-37 


43-22 


44-06 


44-88 


45-64 


46-40 


47-10 


80 




81 


33-90 


35-27 


36-52 


37-70 


38-81 


39-86 


40-86 


41-81 


42-72 


43-58 


44-43 


45-25 


46-02 


46-79 


47-49 


81 




82 


34-18 


35-56 


36-82 


38-01 


39-13 


40-19 


41*20 


42-15 


43-07 


43-94 


44-79 


45-62 


46-40 


47-17 


47-88 


82 




83 


34-46 


35-85 


37-12 


38-32 


39-45 


40-52 


41-53 


42-49 


43-42 


44-29 


45-15 


45-99 


46-78 


47-55 


48-27 


83 




84 


34-74 


36-14 


37-42 


38-63 


39-76 


40-85 


41-86 


42-83 


43-77 


44-65 


45-51 


46-36 


4715 


47-93 


48-66 


84 




85 


3501 


36-42 


37-72 


38-93 


40-07 


41-16 


4219 


43-17 


44-11 


45-01 


45-87 


46-72 


47-52 


48-31 


49-04 


85 




86 


35-29 


37-71 


38-02 


39-24 


40-38 


41-48 


42-52 


43-51 


44-46 


45-36 


46-23 


47-09 


47-89 


48-69 


49-43 


86 




87 


35-56 


3800 


38-31 


39-54 


40-69 


41-80 


42-85 


43-85 


41-81 


45-71 


46 59 


47-46 


48-26 


49-07 


49-81 


87 




88 


35-83 


38-28 


38-60 


39-84 


41-00 


42-12 


43-18 


44-18 


42-15 


46-06 


46-95 


47-82 


48-63 


49-45 


50-19 


88 




89 


36-10 


38-56 


38-89 


41-14 


41-32 


42-44 


43-51 


44-51 


42-49 


46-41 


47-31 


48-18 


49-00 


49-82 


50-57 


89 




90 


36-37 


37-84 


39-18 


40-45 


41-63 


42-76 


43-83 


44-84 


45-83 


46-75 


47-66 


48-54 


49-36 


50-19 


50-95 


90 




91 


36-64 


38-12 


39-47 


40-75 


41-94 


43-08 


44-16 


45-17 


46-17 


47-10 


48-01 


48-90 


49-73 


50-56 


51-33 


91 




92 


36-91 


38-40 


39-76 


41-05 


42-25 


43-39 


44-48 


45-50 


46-51 


47-45 


48-36 


49-26 


50-09 


50-93 


51-71 


92 




93 


37-18 


38-68 


40-05 


41-35 


42-56 


43-70 


44-80 


45-83 


46-85 


47-79 


48-71 


49-62 


50*45 


51-30 


52*08 


93 




94 


37-45 


38-95 


40-34 


41-64 


42-86 


44-01 


45-12 


46-16 


47-18 


48-13 


49-06 


49-97 


50-81 


51-67 


52-46 


94 




95 


37-71 


39-22 


40-62 


41-93 


43-16 


44-32 


45-44 


46-49 


47-51 


48-47 


49-40 


50-32 


51-17 


52-03 


52-82 


95 




96 


37-98 


39-50 


40-91 


42-23 


43-46 


44-63 


45-76 


46-82 


47*84 


48-81 


49-75 


50-67 


51-53 


52-40 


53-19 


96 




97 


38-24 


39-78 


41-19 


42-52 


43-76 


44-94 


46-08 


47-15 


48-17 


49-15 


50-10 


51*02 


51-89 


52-76 


53-56 


97 




98 


38-50 


40-05 


41-47 


42-81 


44-06 


45-25 


46*40 


47-47 


48-50 


49-49 


50-44 


51*37 


52-25 


53-12 


53*93 


98 




99 


38-76 


40-32 


41*75 


43-10 


44-36 


45-56 


46-71 


47-79 


48-83 


49*82 


50-78 


51*72 


52-60 


53*48 


54-30 


99 




100 


89-02 


40-59 


42-03 


43-39 


44-66 


45-87 


47-02 


48-11 


49-16 


50-15 


51*12 


52-07 


52-95 


53-84 


54*66 


too 





/ 















IHmensions of Farts of Marine 


Engines. 










IBS 




Dimensions of Air Pomp CroMhead, in Inches. 


DinMnsions of the Parts of Alt Pump Piston Rod, in Inches. 






1 

1^ 

j 

c 

93 


Diameter of Air 
Pump. 


Thickness of Rye 
for Air Pump Rod. 


Depth of Ere for Air 
Pump Hod. 


Diameter of End 
Journals. 


Length of End 
Journals. 


•8 

o:g 

ii 

b* 


Depth of Web at 
Middle. 


ThickneM of Web at 
Journal. 


Depth of Web at 
Journal. 


Diameter of Piston 
Rod when Copper. 


Depth of Gibs and 

Cutter through 

CroMhead. 


ThickneM of Gibs 

and Cutter through 

CroMhead. 


Depth of Cutter 
through Piston. 


ThickneM of Cutter 
through Piston. 


Diameter of Air 
Pomp. 


23 


13*8 


•66 


3*97 


1*19 


1-33 


•99 


3*69 


•84 


1-41 


1*53 


1-48 


•30 


1*18 


•47 


13^8 


24 


14*4 


•69 


414 


1*24 


1*39 


1-04 


3-85 


*88 


1-47 


1*60 


1-54 


•31 


1*23 


*49 


14*4 


24 


25 


15*0 


•61 


4-31 


1*29 


1-45 


1-08 


4*01 


*92 


1*53 


1*67 


1*60 


•32 


1*28 


*51 


15*0 


25 


26 


15*6 


*64 


4*48 


1*34 


1-51 


1*13 


417 


•95 


1*59 


1*73 


1*66 


•33 


1*33 


•54 


15*6 


26 


27 


16-2 


•66 


4*66 


1*39 


1-56 


1*17 


4-33 


•99 


1*65 


1*80 


1-72 


•34 


1*38 


56 


16*2 


27 


28 


16*8 


•69 


4*83 


1*45 


1-62 


1*22 


4-49 


1*02 


1*71 


1-87 


1*78 


435 


1*43 


58 


16*8 


28 


29 


17*4 


•71 


5-00 


1*50 


1*68 


1*26 


4-65 


1*06 


1*77 


1-94 


1*84 


•37 


1*48 


*60 


17*4 


29 


30 


18*0 


•74 


5*17 


1*55 


1*74 


1-30 


4-81 


1*10 


1*83 


2-00 


1*90 


*38 


1*53 


•62 


18*0 


30 


31 


18*6 


•76 


5-34 


1*60 


1*80 


1-34 


4-97 


114 


1*89 


2*07 


1*97 


*40 


1*59 


*65 


18*6 


31 


32 


19*2 


•79 


5-51 


1*65 


1*85 


1-38 


513 


1*17 


1*95 


2*14 


2*03 


*41 


1*64 


•67 


19-2 


32 


33 


19*8 


•81 


5-69 


1*70 


1*91 


1-43 


5-29 


1-21 


2*01 


2*21 


2*09 


•42 


1*69 


•69 


19-8 


33 


34 


20*4 


•84 


5-86 


1-75 


1*97 


1-47 


5*45 


1*25 


2*07 


2*27 


2*15 


*43 


1*74 


*7l 


20*4 


34 


35 


21*0 


•86 


6-03 


1-80 


2*03 


1*51 


5-61 


1*28 


2*13 


2-33 


2*21 


•44 


1*79 


•73 


21^0 


35 


36 


21*6 


•89 


6-26 


1-85 


2-08 


1*65 


5*78 


1*32 


2*19 


2*40 


2*27 


•45 


1-84 


•75 


21*6 


36 


37 


22*2 


•91 


6-37 


1*90 


2-14 


1*59 


5-94 


1*35 


2*25 


2*47 


2-33 


•46 


1-89 


77 


22*2 


37 


38 


22*8 


•94 


6*54 


1*95 


2-20 


1*63 


6*10 


1*39 


2-32 


2*54 


2-40 


•47 


1-95 


*79 


22*8 


38 


39 


23*4 


•96 


6*71 


2-00 


2-26 


1*67 


6-26 


1-42 


2*38 


2*60 


2-46 


*49 


1-99 


81 


23*4 


39 


40 


24-0 


•99 


6-88 


2*06 


2-32 


1*72 


6-43 


1*46 


2*44 


2-67 


2-52 


•50 


2-04 


*84 


24*0 


40 


41 


24*6 


1*01 


7-05 


211 


2-38 


1*76 


6*59 


1*50 


2*50 


2*74 


2-59 


*52 


2-09 


*86 


24-6 


41 


42 


25*2 


1*04 


7-22 


2-16 


2-44 


1*81 


6-75 


1*53 


2*56 


2*81 


2-65 


•53 


2-14 


*88 


25*2 


42 


43 


25*8 


1-06 


7-40 


2-21 


2-49 


1*85 


6-91 


1*57 


2*62 


2-87 


2-71 


•55 


2-19 


•90 


25-8 


43 


44 


26*4 


1-09 


7-57 


2-26 


2*55 


1-89 


7-07 


1*61 


2*68 


2-93 


2-77 


•56 


2*24 


•92 


26*4 


44 


45 


27*0 


111 


7*74 


2-31 


2*61 


1-94 


7-23 


1*64 


2-74 


3-00 


2*84 


•57 


2-29 


•94 


27*0 


45 


46 


27*6 


1*14 


7*91 


2-36 


2*66 


1*98 


7-39 


1*68 


2-80 


3*07 


2-90 


•58 


2-35 


*96 


27*6 


46 


47 


28*2 


1*16 


8*08 


2-41 


2*72 


2*03 


7-55 


1*71 


2*86 


3*13 


2-96 


•59 


2*40 


•98 


28*2 


47 


48 


28*8 


1*19 


8-26 


2*46 


2-78 


2*07 


7-71 


1*75 


2*92 


3-20 


3-02 


•60 


2-45 


1*00 


28*8 


48 


49 


29*4 


1*21 


8-42 


2-51 


2*83 


2*11 


7-87 


1*79 


2*98 


3-27 


3-08 


•62 


2*50 


1*03 


29*4 


49 


50 


30*0 


1*24 


8*60 


2-57 


2-89 


2*15 


8-04 


1*83 


3*04 


3-33 


3-15 


•64 


2-55 


1*05 


30*0 


50 


51 


30*6 


1*26 


8*77 


2-62 


2*95 


2*20 


8*20 


1*86 


3*10 


3-40 


3-21 


•65 


2-61 


1*07 


30*6 


51 


52 


31*2 


1*29 


8*95 


2-67 


3*01 


2-24 


8-36 


1*90 


3*16 


3*47 


3*28 


•66 


2-66 


1*09 


31*2 


52 


53 


31*8 


1*31 


9*12 


272 


3-07 


2*29 


8-52 


1*94 


3*22 


3-53 


3*34 


•68 


2*71 


1*11 


31*8 


53 


54 


32*4 


1-34 


9-29 


277 


3-12 


2*33 


8-68 


1*98 


3*28 


3*60 


3-41 


•69 


2*76 


1*13 


32-4 


54 


55 


33*0 


1-36 


7-46 


2-83 


318 


2*38 


8-84 


2*01 


3*34 


3*67 


3-47 


•71 


2*81 


1*15 


33*0 


55 


56 


33*6 


1*39 


7-63 


2-88 


3*23 


2*42 


900 


2*05 


3*40 


3*74 


3-64 


•72 


2*86 


117 


33*6 


56 • 


57 


34-2 


1-41 


7-80 


2-93 


3-29 


2*46 


9-16 


2*08 


3-46 


3-81 


3-60 


•73 


2-91 


1*19 


34*2 


57 


58 


34*8 


1-44 


7*97 


2*98 


3-35 


2*61 


9-32 


2*12 


3-52 


3-88 


3*66 


•74 


2-96 


1-21 


34*8 


58 


59 


35*4 


1.46 


815 


3-03 


3-41 


2*55 


9-49 


2-16 


3*58 


3-95 


3-72 


•75 


3*02 


1*23 


35*4 


59 


60 


36-0 


1*49 


10-33 


3-09 


3-47 


2-59 


9-65 


2*20 


3*65 


4*01 


3-78 


•76 


3*07 


1*26 


36-0 


60 


61 


36*6 


1*51 


10*50 


314 


3-53 


2*63 


9-81 


2*23 


3*71 


4*08 


3-85 


•77 


312 


1*28 


36*6 


61 


62 


37*2 


1-54 


10-67 


3-19 


3-58 


2*68 


9-97 


2*27 


3-77 


4-14 


3*91 


•78 


317 


1*30 


37*2 


62 


63 


37*8 


1-56 


10-84 


3-24 


3-64 


2*72 


10-13 


2-31 


3*83 


4-21 


3-98 


80 


3-22 


1-32 


37^8 


63 


64 


38*4 


1*58 


11*01 


3-29 


3-70 


2*76 


10-29 


2*35 


3-89 


4-27 


4*04 


*81 


3*27 


1-34 


38-4 


64 


65 


39-0 


1*61 


11-18 


3*34 


3-76 


2-80 


10-45 


2*38 


3*95 


4*33 


4*10 


•82 


3*32 


1-36 


39*0 


65 


66 


39*6 


1*63 


11-35 


3-39 


3-82 


2*84 


10-61 


2*42 


4*01 


4-40 


416 


•83 


3*37 


1-38 


39*6 


66 


67 


40*2 


1-65 


11-53 


3-44 


3-88 


2*88 


10-77 


2*46 


4*07 


4-46 


4-23 


•84 


3*42 


1*40 


40^2 


67 


68 


40*8 


1-68 


11*70 


3-49 


3-94 


2*92 


10-93 


2*49 


4*13 


4*53 


4-29 


•85 


348 


1-42 


40*8 


68 


69 


41-4 


1-70 


11*87 


3-54 


4-00 


2*97 


11-09 


2*53 


419 


4*60 


4-35 


•87 


3 53 


1*44 


41*4 


69 


70 


42-0 


1-73 


1205 


3-60 


4-05 


3-01 


11-26 


2*56 


4*26 


4-67 


4-41 


•88 


3*58 


1*46 


42*0 


70 


71 


42*6 


1-75 


12-22 


3-65 


4-11 


3-06 


11-42 


2*60 


4*32 


4-73 


4-48 


•90 


3*63 


1-49 


42*6 


71 


72 


43*2 


1*78 


12-38 


370 


4-17 


3*10 


11-58 


2*63 


4*38 


4-80 


4-54 


•91 


3*68 


1-51 


43*2 


72 


73 


43*8 


1-80 


12-55 


376 


4-23 


3*15 


11-74 


2*67 


4*44 


4-86 


4-60 


•93 


3*73 


1-53 


43*8 


73 


74 


44*4 


1*83 


12-72 


3-80 


4*28 


3*19 


11-90 


2*71 


4-51 


4-93 


4-66 


•95 


3-78 


1-55 


44*4 


74 


75 


45-0 


1*85 


12-89 


3-85 


4-34 


3*24 


12-06 


2*74 


4-57 


500 


4-73 


•96 


3*83 


1-57 


45*0 


75 


76 


45-6 


1*87 


13-06 


3-90 


4*40 


3*28 


12-22 


2*78 


4*63 


5-07 


4-79 


•97 


3*88 


1*60 


45*6 


76 


77 


46-2 


1*90 


13*23 


3-95 


4*46 


3-33 


12-38 


2*82 


4-69 


513 


4*85 


•98 


3*93 


1*62 


46*2 


77 


78 


46*8 


1*92 


13-40 


400 


4-51 


3-37 


12-54 


2*86 


4-75 


5-20 


4*92 


1*00 


3*98 


1*64 


46*8 


78 


79 


47*4 


1*95 


13-67 


4-06 


4-57 


3-42 


12-70 


2*89 


4*81 


5*27 


4*98 


1*02 


4-03 


1*66 


47*4 


79 


80 


48*0 


1*97 


13-72 


412 


4-63 


3*46 


12-86 


2-93 


4*87 


5-33 


5*04 


1*04 


4-08 


1-68 


48*0 


80 


81 


48*6 


2-00 


13-89 


417 


4-69 


3-51 


13-03 


2-97 


4*93 


5*40 


511 


1-05 


413 


1-70 


48*6 


81 


82 


49*2 


2*02 


14-06 


4-22 


4-75 


3*55 


13-19 


3*00 


4*99 


5-47 


5*17 


1*06 


4-19 


1-72 


49*2 


82 


83 


49*8 


2*05 


14-23 


4-28 


4*81 


3*60 


13-36 


3*04 


5*05 


5-53 


5*23 


1-07 


4-24 


1-74 


49*8 


83 


84 


50-4 


2-07 


14*40 


4-33 


4-86 


3*64 


13-52 


3*07 


511 


5*60 


5-30 


1*08 


4-29 


1*76 


50*4 


84 


35 


51*0 


2-10 


14-57 


4*38 


4*92 


3*69 


13-68 


8*11 


5*17 


5*67 


5-36 


1-09 


4*34 


1*78 


51*0 


85 


86 


51-6 


2-13 


14-74 


4-43 


4-98 


3*73 


13-85 


3*14 


5*23 


5*73 


5-42 


1-10 


4-39 


1*80 


51*6 


86 


87 


52*2 


215 


14*91 


4-48 


5-04 


3-78 


14-01 


3*17 


5*29 


5.80 


5-49 


1-11 


4-45 


1*82 


52*2 


87 


88 


52*8 


2*18 


15-08 


4-63 


510 


3-82 


14-17 


3*21 


5*35 


5-87 


5-55 


1*12 


4-50 


1-84 


52*8 


88 


89 


53*4 


2*20 


15*25 


4-58 


5-16 


3-86 


14-33 


3*25 


5*41 


5-93 


5-61 


1*13 


4-55 


1-86 


53*4 


89 


90 


54*0 


2*23 


15-43 


4-63 


5-21 


3*89 


14*49 


3*29 


5*48 


6-00 


5-67 


1-14 


4-60 


1*89 


54*0 


90 


91 


54*6 


2*25 


15-61 


4-68 


5-27 


3*93 


14-65 


3*33 


5-54 


6-07 


574 


1*16 


4-65 


1*91 


54*6 


91 


92 


55*2 


2-28 


15-78 


4*74 


5-33 


3*98 


14-81 


3*37 


5*60 


6-14 


5-80 


1-17 


470 


1*93 


55*2 


92 


98 


55*8 


2-30 


15-95 


4*79 


5-39 


4-02 


14-97 


3*40 


5-66 


6-21 


5-87 


1*18 


4-75 


1*95 


55-8 


93 


94 


56*4 


2*33 


1613 


4*84 


5-44 


4-06 


15 13 


3*44 


5-72 


6-27 


5-93 


1*19 


4*80 


1-97 


56*4 


94 


95 


57-0 


2*35 


16*30 


4*89 


5-50 


4*11 


15*29 


3-48 


5-78 


6-34 


5-99 


1*21 


4-85 


1*99 


57*0 


95 


96 


57*6 


2*38 


16-47 


4*94 


5*55 


4*15 


15*45 


3*52 


5-84 


6-41 


6*06 


1*22 


4-90 


2-02 


57*6 


96 


97 


56*2 


2*40 


16*64 


5*00 


5-61 


4*20 


15-61 


3-56 


5*90 


6*47 


6*12 


1*23 


4-96 


2-04 


58*2 


97 


96 


58*3 


2*42 


16*82 


5*05 


5-67 


4*24 


15*77 


3-59 


5*96 


6*54 


6*18 


1*24 


5*01 


2*06 


58*8 


98 


99 


59*4 1 


f46 


16*99 


5*10 


5^73 


4*29 


15*93 


3*63 


6*02 


6*60 
6-66 


6*24 


1*26 


5*06 


2*06 


59*4 


99 




WO I 


«'47 


17-15 


5-15 


5^79 


4*33 


16*07 


3*66 


6-09 


6-80 


1*27 


5^11 


2*10 


60*0 


llOO 



^% 
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Dimendnns of Parts of Marme Engines. 



Diameter of Cylinder, 
in Inches. 


Dimenikms of several Parts of Air Pump Machinery, in Inches. 


Dimensions of Parts of Valve Gearing and Parallel Motion. 


Diameter of Air 

Pump Side Rods at 

Bnd. 


i 

1 




1 


Mean Thickness of 
Strap at Cutter. 

1 


Mean Thickness of 
Str^) l>elow Cutter. 


Depth of Gibs and 
Cutter. 


Thickness of Gibs and 
Cutter. 


i 

& 


Diameter of Valve 

Shaft at Journal, in 

Inches. 


Diameter of Parallel 

Motion Shaft at 
Jouroal.in Inches. ^ 


Diameter of Valve 
Rod, In Inchm. 


DUmeter of Radius 

Rod at smallest Part, 

in Inches. 


Area of Eccentric 

Rod at smallest Part, 

in Square Inches. 


Sectional Area of 

Eccentric Hoop, in 

Square Inches. 


Diameter of Eccentric 
Pin, in Inches. 


Breadth and Thick. 

ncss of Valve Lever 

for Eccentric Pin at 

Bye, In Inches. 


Breadth and Thick- 

ness of Parallel Motion 

Crank at Bye, in 

Inches. 


23 


•89 


1.06 


•84 


•45 


•33 


1*10 


•23 


20 


302 


1*06 


•98 


1-18 


2*64 


MO 


1.76 


3-9 X 2-0 


1*6 X •« 


24 


•93 


1-10 


•87 


•46 


•34 


1*15 


•24 


25 


3-08 


115 


1^00 


1-20 


2*81 


MO 


1-79 


4*0 X 2*1 


17 X -6 


25 


•97 


1-14 


•91 


•48 


•35 


M9 


•25 


30 


3-14 


1*24 


1-03 


1-23 


2-98 


1^20 


1-82 


4*1 X 2*1 


17 X -5 


26 


1-01 


M9 


•94 


•50 


•37 


1*24 


•26 


35 


3-20 


1*33 


1-06 


1-25 


3-15 


r50 


1-85 


4*1 X 2*2 


17 X -5 


27 


1^5 


1-23 


•98 


•52 


•38 


1*29 


•27 


40 


3*26 


1*39 


1-09 


1^27 


3*32 


1-80 


1-88 


4*2 X 2*3 


1*8 X -7 


28 


1-09 


1-28 


1-02 


•54 


•40 


1-34 


-28 


45 


3*32 


1*48 


1*12 


1-30 


3*49 


2-10 


1-91 


4-2 X 2*3 


1*8 X 7 


29 


M2 


1-33 


1-06 


•56 


•41 


1*39 


•29 


50 


3-38 


1*57 


1*16 


1-32 


3*66 


2*40 


1-94 


4-3 X 2-4 


1^8 X 7 


SO 


M6 


1-39 


1-10 


•58 


•42 


1-44 


•30 


55 


3*44 


1*66 


1-20 


1*35 


3*83 


270 


1*97 


4*4 X 2-4 


1*9 X 7 


31 


1-20 


1-44 


1-13 


•60 


•44 


1-49 


-31 


60 


3*50 


175 


1-25 


1^38 


4*00 


3*00 


2-00 


4*5 X 2-5 


1*9 X -8 


32 


1-24 


1-48 


1-17 


•62 


•45 


1-53 


•32 


65 


3-56 


1-84 


1-30 


1*40 


4*17 


3*25 


2-01 


4-5 X 2*5 


1*9 X "8 


33 


1.28 


1-63 


1-21 


•64 


•46 


1-58 


•33 


70 


3*62 


1-93 


1-35 


1*43 


4*34 


3-50 


2-02 


4*6 X 2-5 


2-Ox -8 


34 


1.32 


1-57 


1-24 


•66 


•48 


1*63 


•34 


75 


3*68 


2-02 


1*40 


1*45 


4-51 


3*75 


2-03 


4*6 X 2*6 


2*0 X -8 


35 


1.36 


1-62 


1-28 


•67 


•49 


1-67 


•35 


80 


374 


2-11 


1*45 


1*47 


4*68 


4*00 


2-04 


4*7 X 2*6 


2*0 X ^ 


36 


140 


1-66 


1-31 


•69 


•51 


1-72 


•36 


85 


3*80 


2-20 


1-50 


1*50 


4*85 


4^25 


2-05 


4-7 X 2*6 


2*1 X -85 


87 


144 


1-71 


1-35 


•71 


•52 


177 


•37 


90 


3*87 


2-30 


1-55 


1*52 


5*02 


4-50 


2-06 


4*8 X 2-6 


2*2x -9 


38 


1-48 


1-75 


1-38 


•73 


•53 


1-82 


•38 


95 


3-93 


2-39 


1-60 


1*55 


5*19 


475 


2-07 


4-8 X 2-6 


2*3 X -95 


89 


1.51 


1-80 


1-42 


•75 


•65 


1-87 


•39 


100 


3-99 


2*48 


1*66 


1*57 


5*36 


5-00 


2-08 


4-9x2-6 


2^4x1-00 


40 


1.55 


1-85 


1-46 


•77 


•56 


1-92 


•40 


105 


4-05 


2-58 


171 


1*60 


5*53 


5-25 


2-09 


4*9 X 2-7 


2^6 X 1-06 


41 


1.59 


1-89 


1-50 


•79 


•57 


1-96 


•41 


110 


4-12 


2-67 


176 


1-62 


570 


5-50 


2*10 


5-0 X 27 


27 K 1-1 


42 


1.63 


1-94 


1-53 


•81 


•59 


2-01 


•42 


115 


4-18 


277 


1-81 


1-65 


5*87 


575 


211 


5-1 X 27 


2^8 X 1*15 


43 


1.66 


1-98 


1-57 


•83 


•60 


2-06 


•43 


120 


4-25 


2-87 


1-87 


1-69 


6*04 


6-00 


2-13 


5*2 X 2*7 


2-9 xl-^ 


44 


1.70 


£-03 


1-61 


•85 


•62 


2-11 


•44 


125 


4-31 


2-96 


1-92 


171 


6*21 


6-25 


2-14 


5*2 X 2*8 


S-O X 1-25 


45 


1.74 


2-07 


1*64 


•86 


•63 


2-16 


•45 


130 


4-37 


3-06 


1-97 


1-74 


6-38 


6-50 


2-15 


5*3 X 2*8 


3-2 X 1*3 


46 


1.77 


2-12 


1-68 


•88 


•65 


2-20 


•46 


135 


4*33 


3-15 


2-02 


176 


6-55 


675 


2-16 


5*8 X 2-9 


8*3 X 1^86^ 


47 


1.81 


2-16 


1-71 


•90 


•66 


2-25 


•47 


140 


4-39 


3-25 


2-07 


179 


6*72 


7-00 


2-17 


5-8 X 2-9 


3-4 X 1^41 


48 


1.85 


2-21 


1-75 


•92 


•67 


2-30 


•48 


145 


4-45 


3-34 


2-12 


1-81 


6*89 


7*25 


2*18 


5-4 X 2-9 


3^5 X 1-46 


49 


1-89 


2-26 


1-79 


•94 


•69 


2-35 


•49 


150 


4-52 


3*44 


2-18 


1-84 


7*06 


7*50 


2*19 


5*4 X 2*9 


3^6xl^5l 


50 


1.93 


2-31 


1-83 


•96 


•70 


2-40 


•50 


155 


4-58 


3-53 


2*23 


1-87 


7*28 


7*65 


2*20 


5*4 X 2-9 


37 X V5$ 


51 


1.97 


2-37 


1-87 


•98 


•72 


2-43 


•51 


160 


4*65 


3-63 


2-28 


1*89 


7*55 


8-00 


2*21 


5*6x3 


3-8 X ^61 


52 


2.01 


2-42 


1-91 


1-oa 


-73 


2*46 


•52 


165 


4-72 


372 


2-33 


1*92 


7-82 


8*25 


2*22 


5*6X3 


3-9 X 1-66 


153 


2.05 


2-46 


1-94 


1-02 


•75 


2-48 


•53 


170 


478 


3*82 


2-39 


1*94 


8-09 


8*50 


2*23 


5*6X3 


4^0 X 17^1 


; 54 


2.09 


2-61 


1-98 


104 


•76 


2*51 


•54 


175 


4-85 


3*91 


2*44 


1-97 


8*37 


875 


2*24 


57x3 


4^2 X 176 


55 


2.13 


2*56 


2-01 


1-06 


•78 


2*53 


•55 


180 


5-00 


4-00 


2*50 


2-00 


8*54 


9*00 


2-25 


6.7x3 


4*4 X 1-81 


56 


2.17 


2-60 


2*04 


1-08 


•79 


2-56 


•56 


185 


5-05 


4*03 


2-53 


203 


8*81 


9-25 


2-32 


5-8 X3 


4^5 X 1-85 


57 


2-21 


2-65 


2-08 


1-10 


•81 


2*59 


•57 


190 


5*10 


4-07 


2-56 


207 


9*09 


9-50 


2*39 


5*9 X3 


4-6 X 1-89 


58 


2*25 


2-69 


9^1 1 


1-12 


•82 


2*62 


•58 


195 


5^16 


410 


2-60 


2-10 


9*36 


975 


2-46 


6*0 X 3.1 


47 X 1'9» 


59 


2.28 


2-73 


2-15 


114 


•84 


2-65 


•59 


200 


5-21 


4-14 


2-63 


2-14 


9*63 


10-00 


2*53 


61x3.1 


4^8 X 1-97 


60 


2.32 


2-77 


2-20 


1-16 


•85 


2*68 


•59 


205 


5-27 


4-18 


2.67 


2-17 


9*90 


10*25 


2*60 


6*2 X 3-1 


4-9 X 2-01 


61 


2.36 


2-82 


2-24 


1-18 


•87 


274 


•60 


210 


5-32 


4-21 


271 


2*21 


10-18 


10*50 


2*67 


6*4 X 3.2 


5-2 X 2^10 


62 


2-40 


2-86 


2-27 


1-20 


•88 


2*81 


•61 


215 


5-38 


4-25 


275 


2-25 


10*56 


10-75 


275 


6*7 X 3-2 


5^x2-2 


63 


244 


2-91 


2-31 


1-22 


•89 


2*88 


•62 


220 


5-43 


4-28 


2*83 


2*28 


10*59 


11*00 


2*83 


7*0 X 3*2 


5*5 X 2^2 


64 


248 


2-95 


2-35 


1-24 


*91 


2*94 


•63 


225 


5-47 


4*31 


2-91 


2-31 


10-62 


11*25 


2*91 


7*3 X 3.3 


5*6x2^3 


65 


2-52 


3-00 


2-38 


1-26 


•92 


3*01 


•64 


230 


5-50 


4-34 


3-00 


2-34 


10*70 


11*50 


3*00 


7*6 X 3.3 


57x2-3 •■ 


66 


2-56 


3-04 


2-42 


1-28 


•94 


3*07 


•65 


235 


5-54 


4-37 


3-06 


2-37 


10*97 


11-75 


3*08 


7*8 X 3*3 


5-8 X 2*4 


67 


2.60 


3-09 


2-45 


1-30 


•95 


314 


•66 


240 


5-58 


4*40 


3-12 


2*40 


11*24 


12*00 


3*16 


8*0 X 3.3 


5-9 X 2^4 


68 


2-64 


3*13 


2-49 


1-32 


•97 


3-21 


•67 


245 


5^62 


4-43 


3-18 


2-43 


11*51 


12*25 


3*24 


8*2 X 3.3 


6^1 X 2^5 


69 


2-67 


3-18 


2-52 


1-34 


•98 


8*28 


•68 


250 


5^66 


4-46 


3-24 


2*46 


1171 


12-50 


3*32 


8-4 X 3.4 


6-2 X 2-5 


70 


2-71 


3-23 


2-56 


1-35 


•99 


3*36 


•69 


255 


570 


4-49 


3-30 


2-49 


11*91 


1275 


3*40 


8*6 X 3.4 


6^3 X 2-6 


71 


2-75 


3-27 


2*60 


1-37 


1-00 


3*41 


70 


260 


5-74 


4-52 


3-36 


2*52 


12*11 


1300 


3*48 


8*8 X 3.4 


6-4x2^6 


72 


2-79 


3-32 


2-68 


1-39 


1-02 


3*46 


71 


265 


577 


4-55 


3-42 


2-55 


12*32 


13*25 


3*56 


9*0 X 3*4 


6^6x27 


73 


2-83 


3-37 


2-67 


1-41 


1^03 


3*50 


72 


270 


5-80 


4-58 


3-47 
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234-11 


256-73 


279-33 


301-95 


324-56 


347-17 


369-79 


392*40 


87 


100*58 


123*72 


146-86 


170-02 


193*16 


216*31 


239-45 


262-61 


285-74 


308*90 


332-04 


355-18 


378-34 


401*48 


88 


102*72 


126*39 


150-06 


173-76 


197*43 


221-12 


244-79 


268*49 


292-15 


315-85 


339*52 


363-19 


386-89 


410*56 


434-24 


oo 
89 
90 
91 
92 

no 


89 


104*86 


129-06 


153-27 


177-50 


201-70 


225*94 


250-14 


274-37 


298-56 


322-80 


347-00 


371-20 


395-44 


419*65 


443-82 


90 


107*00 


131-75 


156-50 


181-25 


206-00 


230-75 


255-50 


280*25 


305-00 


329-75 


354*50 


379-25 


404-00 


428*75 


453-50 


91 


109*26 


134*57 


159-89 


185-20 


210-52 


235*83 


261-15 


286-46 


311-78 


337-09 


362*41 


387*72 


413*04 


438-35 


463-67 
473-84 


92 


111*52 


137*39 


163-28 


189-15 


215-04 


240-91 


266-80 


292*67 


318-56 


344-44 


370-32 


396*19 


422-08 


447-95 


93 


113-78 


140*21 


166-67 


193-10 


219-56 


245-99 


272-45 


298*88 


325-34 


351*78 


378*23 


404-66 


431-12 


457*55 


484 O I v^ 


94 


116*04 


143-03 


170-06 


197-05 


224-08 


251-07 


278-10 


305-09 


332-12 


359*13 


386-14 


413-13 


440-16 


467*16 


494-19 94 
504-37 95 
515-09 96 
525-82 97 


95 
96 
97 


118-31 
120-69 
123-07 


145*88 
148*85 
151*82 


173-45 
177*02 
180*59 


201*02 
205-19 
209-36 


228-61 
233-37 
238-13 


256-18 
261*54 
266-90 


283-76 
289-71 
295-66 


311-33 
317-88 
324-43 


338-91 
346-06 
353-21 


366-48 
374*22 
381-96 


394-06 
402-40 
410-74 


421-64 
430-57 
439*50 


449*21 
458-74 
468-28 


476*78 
486-88 
496-99 


98 


125*45 


154*79 


184*16 


213-53 


242-89 


272*26 


301-61 


330-98 


360-36 


389*70 


419-08 


448-43 


477-82 


?17-X9 547*27 1 99 


99 


127-83 


157*76 


187*73 


217*70 


247*65 


277*62 


307-57 


337*53 


367*51 


397-45 


427-42 


457*37 


487*36 


100 


130-29 


160*77 


191*33 


221-88 


252-44 


282*99 


313*55 


344*10 


374-66 


405-21 435*77 1 


466-82 


496*90 


eor^JMi ' ^iJor\nj 1 \\r 


•^r 
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Dimensions of Parts of Marine Engines, 



|l| 














Diameter of Branch Steam Pipe, In Inches. 












Diameter 

of CvliiMler, 

ill Inches. 


2 


H 


3 


H 


4 


^ 


5 


H 


6 


6i 


7 


H 


8 


H 


9 


20 


3*76 


3-90 


4-02 


4-14 


4-26 


4-38 


4-49 


4-60 


4-71 


4-81 


4*91 


5-01 


5*11 


5-21 


5-30 


20 


21 


3-82 


3-97 


4-10 


4-23 


4-36 


4-49 


4-61 


4-73 


4-84 


4*95 


5-06 


5-17 


5*27 


5-38 


5-48 


21 


22 


3-88 


4-04 


4-18 


4*32 


4-46 


4-60 


4-73 


4-86 


4-97 


5*09 


5-21 


5-33 


5-43 


5-55 


5-66 


22 


23 


3-94 


4-11 


4-26 


4-41 


4-56 


4-71 


4-85 


4-99 


5-11 


5-23 


5-36 


5-49 


5-60 


6*72 


5-84 


23 


24 


4-00 


4-18 


4*34 


4-50 


4-66 


4-82 


4-97 


5-12 


5-25 


5-37 


5-51 


5-65 


5-77 


6*89 


6-02 


24 


25 


4*06 


4-25 


4-42 


4-59 


4-76 


4-93 


5-09 


5-25 


5-39 


5-51 


5-66 


5-81 


5-94 


6-06 


6-20 


25 


26 


4-12 


4*32 


4-50 


4-69 


4-87 


504 


5-21 


5-38 


5-53 


5-66 


5-81 


5-97 


6-11 


6*23 


6-38 


26 


27 


4-18 


4-39 


4-59 


4-79 


4-98 


5-15 


5-33 


5-51 


5-67 


5-81 


5-97 


6-13 


6-28 


6-41 


6-56 


27 


28 


4-24 


4*46 


4-68 


4-89 


5-09 


5-27 


5-45 


5-64 


5-81 


5-96 


6-13 


6-29 


6-45 


6-59 


6-74 


28 


29 


4-31 


4-54 


4-77 


4-99 


5-20 


5-39 


5-58 


5-77 


5-95 


6-11 


6*29 


6-45 


6-62 


6*77 


6-92 


29 


SO 


4*38 


4-62 


4-86 


5-09 


5-31 


5-51 


5-71 


5-90 


6-09 


6-27 


6-45 


6-62 


6-79 


6-95 


7-11 


SO 


51 


4-45 


4-70 


4-95 


5-19 


5-42 


5-63 


5-84 


6-04 


6-24 


6-43 


6-61 


6-79 


6-97 


7-13 


7-30 


31 


S2 


4-52 


4-78 


5-04 


5-29 


5-53 


5-75 


5-97 


6-18 


6-39 


6-59 


6-77 


6-96 


7-15 


7-31 


7-49 


32 


33 


4-59 


4*86 


5-14 


5-40 


5-65 


5-88 


6-10 


6-31 


6-54 


6-75 


6-93 


7-13 


7-33 


7-50 


7-68 


33 


34 


4-66 


4-94 


5-24 


5-51 


5-77 


6-01 


6-23 


6-45 


6*69 


6-91 


7-10 


7-30 


7-51 


7-69 


7-87 


34 


35 


4-73 


5-03 


5-34 


5-62 


5-89 


6-14 


6-37 


6-59 


6*84 


7-07 


7-27 


7-47 


7-69 


7-88 


8-06 


35 


36 


4-80 


5-12 


5-44 


5-73 


6-01 


6-27 


6-51 


6-74 


6-99 


7-23 


7-44 


7-64 


7-87 


8-07 


8-25 


36 


37 


4-87 


5-21 


5-54 


5-84 


6-13 


6-40 


6-65 


6-89 


7-14 


7-39 


7-61 


7-82 


8*05 


8-26 


8-45 


37 


38 


4-95 


5-30 


5-64 


5-95 


6-25 


6-53 


6-79 


7-04 


7-29 


7-55 


7-78 


8-00 


8*23 


8-45 


8-65 


38 


39 


5-03 


5-39 


6-74 


6-06 


6-37 


6-66 


6-93 


7-19 


7-45 


7-71 


7-95 


8-18 


8-42 


8-64 


8-85 


39 


40 


5-11 


5-48 


5-84 


6-17 


6-49 


6-79 


7-07 


7-35 


7-62 


7-88 


8*12 


8-36 


8-60 


8-83 


9-05 


40 


41 


5-19 


5-57 


5-94 


6-28 


6-61 


6-92 


7-21 


7-50 


7-77 


8-04 


8-29 


8-54 


8-78 


9-02 


9-25 


41 


42 


5-27 


5-66 


6-04 


6-39 


6-73 


7-05 


7-35 


7-65 


7-93 


8-20 


8-46 


8-72 


8-96 


9-21 


9-45 


42 


43 


5-35 


5-75 


6-14 


6-50 


6-85 


7-18 


7-49 


7-80 


8*09 


8-36 


8-63 


8-90 


9-15 


9-40 


9-65 


43 


44 


5-43 


5-84 


6-24 


6-62 


6-97 


7-31 


7-63 


7-95 


8-25 


8-53 


8-80 


9-08 


9-34 


9-59 


9-85 


44 


45 


5-51 


5-93 


6*34 


6-74 


7-10 


7-44 


7-73 


8-10 


8-41 


8-70 


8-97 


9-26 


9-53 


9-78 


10-05 


45 


46 


5-59 


6-02 


6-45 


6-86 


7-23 


7-58 


7-87 


8-25 


8-57 


8-87 


9-15 


9-44 


9*72 


9-97 


10-25 


46 


47 


5-67 


6-11 


6-56 


6-98 


7-36 


7-72 


8-02 


8-40 


8-73 


9-04 


9-33 


9-62 


9*91 


10-17 


10-45 


47 


48 


5-75 


6-21 


6-67 


7-10 


7-49 


7-86 


8-17 


8-55 


8-89 


9-21 


9-51 


9-80 


10-10 


10-37 


10-65 


48 


49 


5-83 


6-31 


6-78 


7-22 


7-62 


8-00 


8-32 


8-71 


9-05 


9-38 


9-69 


9-99 


10-29 


10-57 


10-85 


49 


50 


5-92 


6-41 


6*89 


7-34 


7-75 


8-14 


8-51 


8-87 


9-21 


9-54 


9-87 


10-18 


10-48 


10-77 


11-05 


50 


51 


6-00 


6-51 


7-00 


7-46 


7-88 


8-28 


8-65 


9-02 


9-37 


9-71 


10-04 


10-36 


10-67 


10-96 


11-26 


51 


52 


6-09 


6-61 


7-11 


7-58 


8-01 


8-42 


8-84 


9-17 


9-53 


9-88 


10-21 


10-54 


10-86 


11-15 


11-46 


52 


53 


6-18 


6-72 


7-22 


7-70 


8-14 


8-56 


8-99 


9-32 


9-69 


10*05 


10-39 


10-72 


11-05 


11-34 


11-67 


53 


54 


6-27 


6-82 


7-33 


7-82 


8-27 


8-70 


9-14 


9-47 


9*85 


10*22 


10-57 


10-90 


11-24 


11-54 


11-87 


54 


55 


636 


6-92 


7-44 


7-94 


8-40 


8-84 


9-29 


9-62 


10-01 


10-39 


10-75 


11-08 


11-43 


11-74 


12-07 


55 


56 


6-45 


7-02 


7-55 


8-06 


8-53 


8-98 


9-44 


9-77 


10-17 


10-56 


10-93 


11-26 


11-62 


11-94 


12-28 


56 


57 


6-54 


7-13 


7-66 


8-18 


8-66 


9-12 


9-59 


9-92 


10-34 


10-73 


11*11 


11-45 


11-81 


12*14 


12-48 


57 


58 


6-63 


7-23 


7-77 


8-30 


8-79 


9-26 


9-74 


10-08 


10-51 


10-90 


11-29 


11-64 


12-00 


12-34 


12-68 


58 


59 


6-71 


7-33 


7-88 


8-42 


8-92 


9-40 


9-89 


10-24 


10-68 


11-07 


11-47 


11-83 


12-19 


12-54 


12-88 


59 


60 


6-78 


7-43 


8-00 


8-54 


9-05 


9-54 


10-00 


10-44 


10-85 


11*25 


11-65 


12-03 


12-39 


12-74 


13-09 


60 


61 


6-87 


7-53 


8-11 


8-66 


9-18 


9-68 


10-14 


10-59 


11*01 


11-42 


11-82 


12-21 


12*58 


12-94 


13-29 


61 


62 


6-96 


7-63 


8-22 


8-78 


9-31 


9-82 


10-28 


10-74 


11-17 


11-59 


11-99 


12-39 


12*77 


13-14 


13-49 


62 


63 


7-05 


7-73 


8*33 


8-90 


9-44 


9-96 


10-43 


10-89 


11-33 


11-76 


12-17 


12-57 


12-96 


13-34 


13-69 


63 


64 


7-14 


7-82 


8-44 


9-02 


9-57 


10-10 


10-58 


11*04 


11*49 


11-93 


12-35 


12-75 


13*15 


13-55 


13-89 


64 


65 


7-23 


7-92 


8-55 


9-14 


9-70 


10-24 


10-73 


11-20 


11*65 


12-10 


12-53 


12-93 


13-34 


13-75 


14-10 


65 


66 


7-32 


802 


8-66 


9-26 


9-83 


10-38 


10-88 


11-36 


11-82 


12-27 


12-71 


1312 


13-53 


13-95 


14-31 


66 


67 


7-41 


8*12 


8-77 


9-38 


9-96 


10-52 


11-03 


11-52 


11-99 


12-44 


12-89 


13-31 


13-72 


14-15 


14-52 


67 


68 


7-50 


8*22 


8-88 


9-51 


10-09 


10-66 


11-18 


11-68 


12-16 


12*62 


13-07 


13-50 


13-92 


14-35 


14-73 


68 


69 


7-59 


8-32 


9-00 


9-64 


10-23 


10-80 


11-33 


11-84 


12-33 


12-80 


13-25 


13-69 


14-12 


14-55 


14-94 


69 


70 


7-67 


8-42 


9-12 


9-77 


10-37 


10-94 


11-48 


12-00 


12-50 


12-98 


13-43 


13-88 


14-32 


14-75 


15-15 


70 


71 


7-76 


8-52 


9-23 


9-89 


10-50 


11-08 


11-63 


12-16 


12-66 


13-15 


13-61 


14-07 


14-51 


14*96 


15-35 


71 


72 


7-85 


8*62 


9-34 


10-01 


10-63 


11-23 


11-78 


12-32 


12-83 


13-32 


13-79 


14-26 


14-70 


15-16 


15-56 


72 


73 


7-94 


8-72 


9-45 


10-13 


10-76 


11-37 


11-93 


12-48 


13-00 


13-49 


13-97 


14-45 


14-89 


15*36 


15-76 


73 


74 


8-03 


8-82 


9-56 


10-25 


10-89 


11-52 


12-08 


12-64 


13*17 


13-66 


14-15 


14*64 


15-08 


15*56 


15-97 


74 


75 


8-12 


8-93 


9-68 


10-37 


11-02 


11-66 


12-23 


12-80 


13*34 


13-84 


14-33 


14-83 


15-28 


15*76 


16-18 


75 


76 


8-21 


9-04 


9-80 


10-50 


11-16 


11-81 


12-38 


12-96 


13*51 


14-02 


14-51 


15-02 


15-48 


15-96 


16-39 


76 


77 


8-30 


9-15 


9-92 


10-63 


11-30 


11-95 


12-54 


1312 


13*68 


14-20 


14-70 


15-21 


15-68 


16-16 


16-60 


77 


78 


8-39 


9-25 


10-04 


10-76 


11-44 


12-10 


12-70 


13-28 


13-85 


14-38 


14-89 


15-40 


15-88 


16-37 


16-81 


78 


79 


8'48 


9-36 


10-16 


10-89 


11-58 


12-24 


12-86 


13-44 


14-02 


14-56 


15-08 


15-59 


16-08 


16-57 


17-02 


79 


80 


8-59 


9-46 


10-28 


11-02 


11-73 


12-39 


13-02 


13-61 


14-19 


14-74 


15-27 


15-78 


16-28 


16-77 


17-23 


80 


81 


8-68 


9-56 


10-39 


1114 


11-86 


12-53 


13-17 


13-77 


14-35 


14-91 


15-45 


15-97 


16-47 


16-97 


17-43 


81 


82 


8'77 


9-66 


10-50 


11-26 


11-99 


12-67 


13-32 


13-93 


14-52 


15-08 


15-63 


16-16 


16-66 


17-17 


17-64 


82 


83 


8-86 


9-76 


10-61 


11-38 


1212 


12-81 


13-47 


14-09 


14-69 


15-25 


15-81 


16-35 


16-85 


17-38 


17-85 


83 


84 


8-95 


9-86 


•10-72 


11-51 


12-25 


12-95 


13-62 


14-26 


14-86 


15-42 


15-99 


16-54 


17-04 


17-58 


18-06 


84 


85 


9«04 


9-97 


10-84 


11-64 


12-39 


13-09 


13-77 


14-42 


15-03 


15-60 


16-17 


16-73 


17-24 


17-78 


18-27 


85 


86 


9-13 


10-08 


10-96 


11-77 


12-53 


13-24 


13-92 


14-58 


15-20 


15-78 


16-35 


16-92 


17-44 


17-98 


18-48 


86 


87 


9-22 


10-19 


11-08 


11-90 


12-67 


13-39 


14-07 


14-74 


15-37 


15-96 


16-53 


17-11 


17*64 


18-19 


18-69 


87 


88 


9-31 


10-30 


11-20 


12-03 


12-81 


13-54 


14-23 


14-90 


15-54 


16-14 


16-72 


17-30 


17-84 


18-39 


18-90 


88 


89 


9-41 


10-41 


11-32 


12-16 


12-95 


13-69 


14-39 


15-07 


15-71 


16-32 


16-91 


17-49 


18-04 


18-59 


19-11 


89 


90 


9-52 


10-52 


11-44 


12-29 


13-09 


13-84 


14-55 


15-24 


15*88 


16-50 


1710 


17-68 


18-24 


18-79 


19-32 


90 


91 


9-61 


10-62 


11-55 


12-41 


13-22 


13-98 


14-70 


15-40 


16-04 


16-67 


17-28 


17-87 


18-43 


18-99 


19-52 


91 


92 


9-70 


10-72 


11-67 


12-54 


13-35 


14-12 


14*85 


15-56 


16*21 


16-84 


17-46 


18-06 


18*62 


19-19 


19-73 


92 


93 


9-79 


10-82 


11-79 


12-67 


13-49 


14-26 


16*00 


15-72 


16-38 


17-02 


17-64 


18-25 


1881 


19*40 


19-94 


93 


94 


9-88 


10-93 


11-91 


12-80 


13-63 


14-40 


15*15 


15-88 


16-55 


17-20 


17-82 


18-44 


19-01 


19-60 


20-15 


94 


95 


9-97 


11-04 


12-03 


12-93 


13-77 


14-55 


15-30 


16-04 


16-72 


17-38 


18-01 


18-63 


19-21 


19*80 


20-36 


95 


96 


10-06 


11-15 


12-25 


13-06 


13-91 


14-70 


15*45 


16-20 


16-89 


17-56 


18-20 


18-82 


19-41 


20-00 


20*57 


96 


97 


10-15 


11-26 


12-27 


13-19 


14-05 


14-85 


15-61 


16*36 


17-06 


17-74 


18-39 


19-01 


19-61 


20-20 


20*78 


97 


98 


10-24 


11-37 


12-39 


13-32 


14-19 


15-00 


15-77 


16-52 


17-23 


17-92 


18-58 


19-20 


19-81 


20-41 


20-99 


98 


99 


10*33 


11-48 


12-51 


13-45 


14-33 


15-15 


15*93 


16-68 


17*40 


18*10 


18-77 


19-40 


20*01 


20-61 


21-20 


99 


100 


10-47 


11-59 


12-63 


13-58 


14-47 


15-30 


16-09 


16*84 


17-57 


18*28 


18-96 


19-60 


20-21 


20-81 


21-41 


100 



> HOafee 



Dimentiont of Parts of Marine Engine$. 
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Hone Power. 


Diameter of Waste 

Water Pipe, in 

Inches. 


Area of Fort Valve 

PUaage, in Square 

Inches. 


1 

Area of Injection Pipe, 
in Square Inches. 


Diameter of Feed 
Pipe, in Inches. 


Diameter of Waste 

Steam Pipe, in 

Inches. 


Diameter of Safety 
Valve when only 
One used. 


Diameter of each 

Safety Valve when 

Two used. 


*D{ameterofeach 

Safety Valve when 

Three used. 


Diameter of each 

Safety Valre when 

Four used. 


• 

i 


Diameter of Waste 
Steam Pipe. 


Diameter of Safety 

Valve when only 

One used. 


Diameter of each 

Safety Valve when 

Two used. 


If 




5 


2-69 


17 


3*15 


1*79 


4*33 


5 


3-54 


2*89 


2*5 


405 


12*99 


15*00 


10-60 


8*66 


7*50 


10 


3*32 


26 


3-49 


1-84 


4-52 


5*23 


3-70 


3*02 


2*61 


410 


13*07 


15*09 


10*66 


8-71 


7*54 


15 


3*94 


35 


3*84 


1*89 


4*71 


5*45 


3*86 


3*14 


2*71 


415 


13*14 


15*17 


10*72 


8*76 


7*58 


SO 


4-56 


44 


4-18 


1*94 


4*90 


5*66 


4*02 


3*26 


2*81 


420 


13*21 


15*25 


10*78 


8*81 


7*62 


25 


5-18 


53 


4-53 


1-99 


5-08 


5*86 


4*17 


3*38 


2*92 


425 


13*28 


15*33 


10*84 


8*86 


7*66 


30 


5-80 


62 


4-87 


2*04 


5*26 


6*05 


4*32 


3*50 


3*02 


430 


13-35 


15-41 


10*90 


8*91 


7*70 


35 


6-42 


71 


5*22 


2*09 


5*43 


6*24 


4*47 


3-62 


3*12 


435 


13*42 


15*49 


10*96 


8*96 


7-74 


40 


7-04 


80 


5-56 


2*13 


5*60 


6*42 


4-62 


3*74 


3*23 


440 


13*49 


15*57 


11*02 


9*00 


7-78 


45 


7-66 


89 


6*91 


2*18 


5*77 


6*60 


4*76 


3*86 


3*33 


445 


13*56 


16*65 


11*08 


9*05 


7-82 


50 


8-28 


98 


6-25 


2*23 


5*94 


6*80 


4*90 


3*98 


3*43 


450 


13*63 


15*73 


11*13 


9*09 


7*86 


55 


8-90 


107 


6*60 


2*28 


6*12 


7*07 


5*00 


4*08 


3*53 


455 


13*70 


15-81 


11-18 


9*13 


7*90 


60 


9-60 


116 


6*94 


2*32 


6*26 


7-23 


5*12 


4*18 


3*61 


460 


13-77 


15*89 


11*24 


9*18 


7*94 


65 


10-06 


125 


7*29 


2*36 


6*40 


7*39 


6*24 


4*28 


3*69 


465 


13*84 


15*97 


11*29 


9*23 


7*98 


70 


10-56 


134 


7*63 


2-40 


6*54 


7*55 


5*35 


4*37 


3*77 


470 


13*91 


16*05 


11*36 


9*28 


8-02 


75 


10-96 


143 


7*98 


2*44 


6-68 


7*71 


5*46 


4*46 


3*85 


475 


13*98 


16-13 


11*40 


9*33 


8*06 


80 


11-31 


152 


8-32 


2*48 


6*82 


7*87 


5*57 


4*55 


3*93 


480 


14-05 


16-20 


11-45 


9*37 


8*10 


85 


11-61 


161 


8*67 


2*52 


6-96 


8-03 


5*68 


4-64 


4*01 


485 


14*12 


16*27 


11-50 


9*41 


8*14 


90 


11-89 


170 


9-01 


2*56 


7*10 


8*19 


5*79 


4*73 


4*09 


490 


14*18 


16*34 


11*55 


9-45 


8-18 


95 


12-09 


179 


9*36 


2*60 


7*24 


8*35 


5-90 


4*82 


4*17 


495 


14*24 


16*41 


11*60 


9-49 


8-21 


100 


12-19 


188 


9*70 


2*64 


7*31 


8-51 


6*01 


4*91 


4*25 


500 


14*30 


16*48 


11*65 


9*62 


8-24 


105 


12-29 


197 


10*05 


2*68 


7*50 


8-66 


6*12 


5*00 


4*33 


505 


14*36 


16-55 


11*70 


9-56 


8-27 


no 


12-56 


206 


10*39 


2*72 


7*62 


8*80 


6*22 


5*08 


4*40 


510 


14.43 


16-63 


11*76 


9*61 


8-31 


115 


12-83 


215 


10-74 


2*76 


7*74 


8*94 


6*32 


5-16 


4*47 


515 


14*50 


16*71 


11*81 


9*66 


8-35 


120 


13-10 


224 


11-08 


2*80 


7*86 


9-08 


6*42 


5-24 


4-54 


520 


14*57 


16*79 


11*87 


9*71 


8*39 


125 


13-37 


233 


11-43 


2*84 


7*98 


9*22 


6-52 


5*32 


4*61 


525 


14*64 


16*87 


11*92 


9*76 


8*43 


ISO 


13-64 


242 


U-77 


2*88 


8*10 


9-36 


6-62 


6*40 


4*68 


530 


14-70 


16*95 


11-98 


9*80 


8*47 


135 


13*91 


251 


12*12 


2*91 


8*22 


9*50 


6*71 


5*48 


4*75 


535 


14*76 


17*03 


12*03 


9-84 


8*51 


140 


14-18 


260 


12*46 


2-94 


8*33 


9*63 


6*80 


5-55 


4*82 


540 


14*83 


17*11 


12*09 


9*88 


8*55 


145 


14*44 


269 


12*81 


2-97 


8*44 


9*76 


6*89 


6*62 


4*88 


545 


15*00 


17-18 


12*14 


9*92 


8*59 


150 


14*70 


278 


1315 


3*00 


8*55 


9*89 


6-98 


5*69 


4*94 


550 


15*07 


17*25 


12*20 


9-96 


8*63 


155 


14-97 


287 


13*50 


3-03 


8*66 


10-00 


7*07 


5-77 


5*00 


555 


15*13 


17*32 


12*25 


10-00 


8*66 


160 


15-20 


296 


13*84 


3*07 


8-76 


10*12 


7*16 


5*84 


6*06 


560 


15*19 


17-40 


12*30 


10-05 


8-70 


165 


15*43 


305 


1419 


3-11 


8-86 


10*24 


7*25 


5*91 


5*12 


565 


15*25 


17*47 


12*35 


10-09 


8*73 


170 


15-65 


314 


14-53 


3*14 


8*96 


10-36 


7-34 


5*98 


6-18 


570 


15-31 


17-54 


12-40 


10-13 


8*77 


175 


15-87 


323 


14*88 


3*17 


9*06 


10-48 


7*43 


6-05 


5-24 


575 


16-37 


17*61 


12*45 


10*17 


8*80 


180 


16-09 


332 


15*22 


3*20 


9-16 


10-60 


7*52 


6-12 


5*30 


580 


15-43 


17*68 


12*50 


10*21 


8*84 


185 


16*31 


341 


15*57 


3-23 


9-26 


10*72 


7*60 


6*19 


5*36 


585 


15*49 


17*75 


12*55 


10*25 


8*87 


190 


16-53 


350 


15*91 


3*26 


9-36 


10*84 


7-68 


6*26 


5*42 


590 


15*56 


17*82 


12*60 


10-29 


8-91 


195 


16-75 


359 


16-26 


3*29 


9-46 


10-95 


7-76 


6-33 


5*48 


595 


15-61 


17-89 


12*65 


10*33 


8*94 


200 


16-97 


368 


16-60 


3*32 


9-56 


11*06 


7-84 


6-40 


5*54 


600 


15-67 


17-96 


12-70 


10*37 


8-98 


205 


17-19 


377 


16-95 


3*35 


9*66 


11*18 


7-91 


6*46 


5-59 


605 


15*73 


18*03 


12*75 


10-41 


9 01 


210 


17-39 


386 


17*29 


3*38 


9*76 


11*29 


7-99 


6*$3 


5*65 


610 


15-79 


18*10 


12*80 


10-45 


9-05 


215 


17-59 


395 


17-64 


3*41 


9*86 


11*40 


8-07 


6*59 


5*71 


615 


15-85 


18*17 


12*85 


10-49 


9*09 


220 


17-79 


404 


17*98 


3*44 


9*96 


11*51 


8*15 


6*65 


5*77 


620 


15-91 


18*24 


12-90 


10-53 


9-13 


225 


17-99 


413 


18-33 


3*47 


10-06 


11-62 


8-23 


6*71 


5*82 


625 


15*97 


18*31 


12*95 


10*57 


9-17 


230 


18-19 


422 


18-67 


3*50 


10*15 


11-73 


8*31 


6*77 


5-87 


630 


16*03 


18*38 


13*00 


10*61 


9-20 


235 


18-39 


431 


19*02 


3-53 


10-24 


11-84 


8-39 


6-83 


5-92 


635 


16*09 


18*45 


13*05 


10*65 


9-23 


240 


18-58 


440 


19*36 


3*56 


10*33 


11*95 


8-46 


6-89 


5-97 


640 


16*16 


18*51 


13-10 


10-69 


9-26 


245 


18-77 


449 


19-71 


3*59 


10-42 


12*05 


8*53 


6*95 


6*02 


645 


16*20 


18*57 


13 15 


10*73 


9-29 


250 


18-97 


458 


20*05 


3*61 


10-51 


12*15 


8*60 


7*01 


6*07 


650 


16-26 


18*63 


13*19 


10*77 


9*32 


255 


19-16 


467 


20*40 


3*63 


10*60 


12*25 


8*67 


7*07 


6*12 


655 


16*32 


18*70 


13*23 


10-80 


9*35 


260 


19*34 


476 


20*74 


3-66 


10-69 


12*35 


8*74 


7-13 


6*17 


660 


16*38 


18*77 


13*28 


10-84 


9*39 


265 


19-52 


485 


21*09 


3-69 


10*78 


12*45 


8*81 


7-19 


6-22 


665 


16*44 


18*83 


13-33 


10-88 


9-43 


270 


.19-70 


494 


21*43 


3-72 


10*87 


12*55 


8*88 


7-25 


6-27 


670 


16*49 


18-90 


13-38 


10-92 


9-47 


275 


19*88 


503 


21-78 


3*74 


10*96 


12*65 


8*95 


7-31 


6*32 


675 


16*54 


18*96 


13*43 


10-96 


9*50 


280 


20K)6 


512 


22*12 


3*77 


11*05 


12*75 


9*02 


7*37 


6*37 


680 


16*59 


19*03 


13-48 


11-00 


9-53 


285 


20-24 


521 


22*47 


380 


11-13 


12*85 


9*09 


7-43 


6*42 


685 


16*65 


19*10 


13*53 


11*04 


9-56 


290 


20-42 


530 


22*81 


3-82 


11*21 


12*95 


9*16 


7*49 


6*47 


690 


16-71 


19-17 


13-58 


11-08 


9-59 


295 


20-60 


539 


23*16 


3-85 


11*29 


13*05 


9*23 


7-54 


6*52 


695 


16-77 


19-24 


13*62 


11-12 


9-62 


300 


20-78 


548 


23*50 


3*88 


11*37 


13*14 


9*29 


7-59 


6-57 


700 


16-83 


19-31 


13-66 


11-15 


9-65 


305 


20-95 


557 


23*85 


3*90 


11*45 


13-23 


9*35 


7*64 


6-61 


705 


16-88 


19-37 


13*70 


11*18 


9-68 


310 


21-12 


566 


24*19 


3*93 


11-53 


13*33 


9*42 


7*70 


6-66 


710 


16*94 


19*44 


1374 


11-22 


9-72 


315 


21*29 


575 


24*54 


8*95 


11*61 


- 13*42 


9*48 


7*76 


6*71 


715 


16-99 


19-51 


13*79 


11-26 


9-76 


320 


21-46 


584 


24*88 


3*98 


11-69 


13*51 


9*55 


7*82 


6*76 


720 


17*05 


19*58 


13*83 


11-30 


9-79 


825 


21-63 


593 


25-23 


4*00 


11-77 


13*60 


9*61 


7*87 


6*81 


725 


17*10 


19*64 


13*88 


11-34 


9-82 


330 


21-80 


602 


25*57 


4*03 


11-85 


13*69 


9*68 


7*92 


6*86 


730 


17*16 


19*70 


13*92 


11-38 


9*85 


335 


21-97 


611 


25*92 


4*05 


11*93 


13*78 


9*74 


7*97 


6*91 


735 


17*21 


19*76 


13*97 


11-42 


9-88 


340 


22-14 


620 


26*26 


4*07 


12*01 


13*87 


9*81 


8*02 


6*96 


740 


17*27 


19*82 


14-01 


11*46 


9-91 


345 


22-30 


629 


26*61 


4*10 


12*09 


13*96 


9*87 


8*07 


7*00 


745 


17-32 


19*88 


14-06 


11-49 


9-94 


350 


22-46 


638 


26-95 


412 


12*17 


14*05 


9*94 


8-12 


7*04 


750 


17*38 


19*94 


14*10 


11-52 


9*97 


355 


22-61 


647 


27*30 


4*14 


12*25 


14*14 


10-00 


8*17 


7*07 


755 


17*43 


20*00 


14*15 


11-55 


10*00 


360 


22-77 


656 


27-64 


4*16 


12*33 


14*23 


10*06 


8-22 


7*12 


760 


17-48 


20*07 


14*20 


11*59 


10-03 


365 


22-93 


665 


27*99 


4*19 


12*41 


14*32 


10*12 


8*27 


7*17 


765 


17*54 


2013 


14-24 


11*62 


10*06 


370 


23*09 


674 


28*33 


4*21 


12*49 


14*41 


10*18 


8-32 


7*22 


770 


17*59 


20*19 


14-28 


11*66 


10*09 


375 


23-24 


688 


28-68 


4*23 


12*57 


14*50 


10*24 


8*37 


7*26 


775 


17-65 


20-25 


14*33 


11*69 


10-12 


38tf 


23-40 


692 


29*02 


4-26 


12*63 


14-59 


10*30 


8*42 


7*30 


780 


17*70 


20*31 


14*37 


11-73 


10-15 


885 


28-55 


701 


29-37 


4-28 


12-70 


14-68 


10*36 


8*47 


7-34 


785 


17*75 


20*37 


14-41 


11-76 


10*18 


890 


28-70 
28-85 
24*00 1 


710 


29*72 


4-31 


12-77 


14-76 


10*42 


8-52 


7-38 


790 


17*80 


20-43 


14*45 


11-80 


10*21 


895 


719 


30*06 


4*35 


12*84 


14*84 


10*48 


8*57 


7-42 


795 


17-85 


20*49 


14-49 


11*83 


10*24 


400 * 


728 


30*41 


4*37 


12*91 


14-92 


10*54 


8*62 


7*46 


800 


17*90 


20*55 


14*53 


11-87 


10*27 
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Dimensions of Parts of Land Engines, 



1 •■ 










Land Enoinbs : — Depth of Web of Main Beam at Centre, In Incfaei 


. 










1 




Diameter 01 
Cylinder, in 
1 Inches. 


N.B The total depth of Main Beam at centre it utually < 

of e 

• 


Mual to the 
tdsebeadU 

6i 


dlametpr of 
about 1| tin 

7 


the Cjrilndei 
let the thick 


r, and the th 
nest of the ^ 

8 


Icknestof 
(Veb. 


the Web ii 


ih the tongtb of the Bean: the width 






4 


4i 


5 


5i 


6 


^ 


H 


9 


9i 


10 


lOi 


11 


(ir'SS 


SI 


17-41 


18-11 


18-75 


19-36 


19*94 


20-48 


20-99 


21*47 


21*94 


22*39 


22-82 


23*24 


23*67 


24*02 


24-39 


21 




22 


17-95 


18*67 


19-33 


19-96 


20-56 


21-12 


21*64 


22-14 


22*62 


2309 


23-53 


23-96 


24*45 


24-77 


25-15 


22 




23 


18-49 


19*23 


19-91 


20-56 


21*18 


21-76 


22*29 


22-81 


23*30 


23-78 


24-24 


24-68 


25*22 


25-52 


25-91 


23 




24 


19-03 


17*79 


20-49 


21-16 


21*80 


22-39 


22*94 


23-48 


23*98 


24-47 


24-95 


25-40 


25*99 


26-26 


26-67 


24 




25 


19*58 


20-36 


21-08 


21-77 


22*41 


2302 


23*59 


24*14 


24*67 


25-16 


25-65 


26*12 


26*56 


27-00 


27-42 


25 




26 


20-08 


20-89 


21-64 


22-34 


23-00 


23-62 


24-21 


24-77 


25*31 


25-81 


26-31 


26-80 


27*25 


27*70 


28-13 


26 




27 


20-60 


21*42 


22-19 


22-90 


23-58 


24-22 


24-82 


25-40 


25*95 


26*46 


26-97 


27*47 


27*94 


28*40 


28-84 


27 




28 


21*10 


21*95 


22*73 


23*46 


24-16 


24-81 


25-43 


26-02 


26*58 


27-11 


27-63 


28*14 


28*63 


29*10 


29-55 


28 




29 


21-61 


22*48 


23*27 


24*02 


24-74 


25-40 


26-04 


26-64 


27*21 


27-76 


28-29 


28*81 


29*32 


29*80 


30-26 


29 




30 


22-11 


22-99 


23-81 


' 24*58 


25-31 


25-99 


26-64 


27-26 


27*85 


28-41 


28-96 


29-50 


30*00 


30*49 


30-96 


30 




31 


22-59 


23-49 


24-34 


25-12 


25-87 


26-56 


27-22 


27-85 


28*46 


29-03 


29-61 


30-14 


30-65 


31*15 


31*63 


31 




32 


23-07 


23-99 


24*86 


25-65 


26-42 


27-12 


27-80 


28-44 


29*06 


29*65 


30-26 


30-78 


31*30 


31*81 


32-30 


38 




33 


23-55 


24-49 


25-37 


26-18 


26-96 


27-68 


28*37 


29-03 


29*67 


30*27 


30-91 


31-42 


31*95 


32*47 


32-97 


33 




34 


2403 


24*99 


25-88 


26-71 


27-50 


28*24 


28*94 


29-62 


30*27 


30*89 


31-56 


32-06 


32*60 


33*13 


33*64 


34 




35 


24*50 


25-48 


26-39 


27-24 


28-04 


28-80 


29-52 


30*21 


30*87 


31-49 


32-10 


32-69 


33*24 


33-79 


34*31 


35 




36 


24-96 


25-96 


26-88 


27-75 


28-57 


29-34 


30*07 


30*78 


31*45 


32*08 


32*70 


33-30 


33*86 


34*42 


34-95 


36 




37 


25-41 


26-43 


27*37 


28-26 


29-10 


29-88 


30*62 


31-34 


32-03 


32*67 


33-30 


33-91 


34*48 


35-05 


35*59 


37 




38 


25-87 


26-90 


27*86 


28-77 


29-62 


30*42 


81*17 


31-90 


32-61 


33-26 


33*90 


34-52 


35*10 


35-68 


36*23 


38 




39 


26-32 


27-37 


28-35 


29*28 


30-14 


30-96 


31-72 


32*46 


33-18 


33*85 


34*50 


35-13 


35*72 


36-31 


36*87 


39 




40 


26-78 


27-85 


28*84 


29*78 


30-66 


31-49 


32*27 


33*02 


33-75 


34*42 


35*09 


35-73 


36*34 


36-94 


37*51 


40 




41 


27-22 


28-31 


29*32 


30*27 


31-17 


32-01 


32-80 


83*56 


34-30 


34*99 


85*67 


36-32 


36*94 


37-55 


38*13 


41 




42 


27*66 


28-76 


29*79 


30*76 


31*67 


32*53 


33-33 


34-10 


34-85 


35-55 


36*24 


36-91 


37*54 


38*15 


38-74 


42 




43 


28-10 


29-21 


30*26 


31*25 


32*17 


33*05 


33-85 


34-64 


35-40 


36-11 


36*81 


37-49 


38*13 


38-75 


39*35 


43 




44 


28-54 


29-66 


30-73 


31-73 


32*67 


33*56 


34-38 


35-18 


85-95 


36-67 


37*38 


38*07 


38*73 


39-35 


39*96 


44 




45 


28*97 


30-12 


31*20 


32-21 


33*16 


34-06 


34*90 


35-71 


36*50 


37-23 


37-95 


38-65 


39*31 


39*95 


40*57 


45 




46 


29-40 


30*56 


31*66 


32-68 


33*65 


34-56 


35-41 


36-23 


37*03 


87-78 


38*51 


39-22 


39-89 


30*54 


41*17 


46 




47 


29-82 


31-00 


32*11 


33-15 


34-13 


35-06 


35-92 


36-75 


37*56 


38-32 


39*07 


39*78 


40-46 


31*12 


41*76 


47 




48 


30-24 


31-44 


32*56 


33-62 


34-61 


35-55 


36-43 


37-27 


38*09 


38*86 


39-62 


40*34 


41-02 


31*70 


42*35 


48 




49 


30-66 


31-88 


33*01 


34-09 


3509 


36-04 


36*94 


37-79 


38*62 


39-40 


40*17 


40*90 


41-59 


32-28 


42*94 


49 




50 


31-08 


32*32 


33*47 


34-55 


35-57 


36-53 


37-44 


38-31 


39*16 


39-94 


40*72 


41*46 


42*17 


42*86 


43*52 


50 




51 


31-49 


32*75 


33-91 


35-01 


36-04 


37-05 


37-94 


38-82 


39*67 


40-47 


41*26 


42*01 


42*73 


43*42 


44*09 


51 




52 


31*90 


33*17 


34-35 


35*47 


36-51 


37-57 


38-43 


39-32 


40*18 


41*00 


41-80 


42*55 


43*28 


43*98 


44*66 


52 




53 


32-31 


33*59 


34*79 


35*92 


36-97 


38*09 


38-92 


39-82 


40-69 


41*52 


42-33 


43*10 


43*83 


44*54 


45*23 


53 




54 


32-72 


34*01 


35*23 


36-37 


37-43 


38*61 


39-41 


40-32 


41*20 


42*04 


42-86 


43*64 


44-38 


45*10 


45*80 


54 




55 


33-12 


34-43 


35*66 


36-82 


37-90 


39-13 


39*90 


40-83 


41*72 


42*56 


43-39 


44*18 


44-93 


45*67 


46*38 


55 




56 


33-52 


34-84 


36-09 


37-26 


38*36 


39-56 


40*38 


41-32 


42*22 


43-07 


43-91 


44*71 


45-47 


46-22 


46*94 


56 




57 


33-92 


35*25 


36*52 


87-70 


38*81 


39*99 


40-86 


41-81 


42*72 


43-58 


44-43 


45*24 


46*01 


46-77 


47*50 


57 




58 


34-31 


35*66 


36*94 


38-14 


39*26 


40-42 


41*33 


42-30 


43*21 


44-09 


44*95 


45*77 


46*55 


47-32 


41*05 


58 




59 


34-70 


36*07 


37-36 


38-58 


39*71 


40*85 


41*80 


42-78 


43*70 


44-60 


45*47 


46*30 


47*09 


47-86 


48*60 


59 




60 


35-10 


36-49 


37*79 


39-02 


40*17 


41*26 


42*28 


43-26 


44*21 


45-10 


45*98 


46*82 


47*62 


48-40 


49-15 


60 




61 


35-49 


36-89 


38*21 


39*45 


40-61 


41-71 


42*75 


43-74 


44*70 


45-60 


46*49 


47*34 


48*14 


48-93 


49-69 


61 




62 


35-87 


37*29 


38-63 


39*88 


41*05 


42-16 


43-22 


44-22 


45*19 


46-10 


47*00 


47-85 


48*66 


49*46 


50-23 


62 




63 


35-26 


37*69 


39-04 


40-31 


41*49 


42*61 


43-68 


44-69 


45*68 


46-59 


47*50 


48*36 


49*18 


49*99 


50-77 


63 




64 


35-64 


38*09 


39*45 


40-74 


41*93 


43-06 


44-14 


45-16 


46-17 


47*08 


48*00 


48*87 


49*70 


50-52 


51-31 


64 




65 


37-02 


38*49 


39*86 


41-16 


42-37 


43-52 


44*60 


45-63 


46-64 


47*57 


48*50 


49*39 


50*23 


51-05 


51-84 


65 




66 


37-40 


38-88 


40*27 


41*58 


42*80 


43-97 


45-06 


46*10 


47-12 


48*06 


49-00 


49*89 


50*74 


51-57 


52-37 


66 




67 


37*78 


39-27 


40*68 


42*00 


43-23 


44-41 


45-51 


46*57 


47-59 


48*55 


49*49 


50*39 


51*25 


52*09 


52-80 


67 




68 


38-16 


39*66 


41-09 


42*42 


43-66 


44-85 


45-96 


47-03 


48-06 


49-03 


49*98 


50*89 


51*76 


52*60 


53-33 


68 




69 


38-53 


40-05 


41-49 


42*83 


44-09 


45-29 


46-41 


49*49 


48-53 


49-51 


50*47 


51*39 


52*27 


53*11 


53*85 


69 




70 


38 90 


40-44 


41-89 


43-24 


44-52 


45-73 


46-86 


47-95 


49*01 


49-99 


50*96 


51*89 


52-77 


53*64 


54*47 


70 




71 


39-27 


40-83 


42*29 


43-66 


44-94 


46-16 


47-31 


48-41 


49-47 


50-46 


51*44 


52*38 


53-27 


54*15 


54*99 


71 




72 


39-64 


41*21 


42-69 


44-07 


45*36 


46-59 


47-75 


48-86 


49-93 


50-93 


51*92 


52*87 


53-77 


54*66 


55*50 


72 




73 


4001 


41*59 


43*08 


44*48 


45-78 


47-02 


48-19 


49-31 


50-39 


51-40 


52*40 


53*36 


54-27 


55*16 


56*01 


73 




74 


40-37 


41*97 


43*47 


44*89 


46-20 


47-45 


48-63 


49-76 


50-85 


51-87 


52*88 


53*84 


54-77 


56*66 


56-52 


74 




75 


40-73 


42-35 


43*86 


45*30 


46-62 


47-88 


49-07 


50-21 


51*31 


52-34 


53*35 


54*33 


55-26 


56*16 


57-04 


76 




76 


41-09 


42*73 


44*25 


45*70 


47-03 


48-30 


49-50 


50-65 


51*76 


52-80 


43*82 


54*81 


55-75 


56*66 


57-54 


76 




77 


41-45 


43*10 


44*64 


46*10 


47-44 


48-72 


49-93 


51-09 


52-21 


53-26 


44-29 


55*29 


56-24 


57*16 


58-04 


77 




78 


41-80 


43-47 


45*02 


46*49 


47-85 


49-14 


50-36 


51-53 


52*66 


53-72 


44*76 


55*76 


56-72 


58-65 


58-54 


78 




79 


42-15 


43-84 


45*40 


46*88 


48-26 


49-56 


50-79 


51*97 


53-U 


54-18 


45*23 


56*24 


57-20 


59-14 


59*04 


79 




80 


42-51 


44-21 


45*78 


47*27 


48-66 


49-98 


51-22 


52-41 


53-56 


54-64 


55*70 


56*72 


57-68 


58-63 


59-54 


80 




81 


42-86 


44-58 


46*16 


47*66 


49-07 


50-40 


51*65 


52-84 


54-01 


55-09 


56*16 


57-19 


5816 


59-12 


60-03 


81 




82 


43-21 


44-94 


46*54 


48*05 


49-47 


50-81 


52*08 


53-27 


54-45 


55-54 


56*62 


57-66 


58-64 


59-60 


60-52 


82 




83 


43-56 


45-30 


46*92 


48*44 


49-87 


51-22 


52*50 


53-70 


54-89 


55-99 


5708 


58-13 


59-12 


60-08 


61-01 


83 




84 


43-91 


45*66 


47*30 


48*83 


50-27 


51-63 


52-92 


54-13 


55-33 


56-44 


57-54 


58-60 


59-59 


60-56 


61-50 


84 




85 


44-27 


46*03 


47*67 


49*22 


50-67 


52-04 


53-34 


54*57 


55-77 


56*89 


58-00 


59-06 


60-06 


61-05 


62*00 


85 




86 


44-62 


46*39 


48*04 


49*61 


51-07 


52-45 


53-76 


55*00 


56*21 


57*34 


58-45 


59-52 


62-53 


61-53 


62*49 


86 




87 


44-96 


46*75 


48-41 


49*99 


51-46 


52-86 


54-18 


55*43 


56*65 


57*78 


58-90 


59-98 


63*00 


62-01 


62*97 


87 




88 


45-31 


47*11 


48-78 


50-37 


51-85 


53-26 


54-59 


55-86 


57 08 


58*22 


59-35 


60-44 


63-47 


62-48 


63*45 


88 




89 


45-65 


47*47 


49-15 


50-75 


52-24 


53-66 


55-00 


56-29 


57*51 


58-66 


59*80 


60-90 


63-94 


62-95 


63*93 


89 




90 


45-99 


47*82 


49-52 


51*13 


52-64 


54-06 


55*41 


56*69 


57*94 


5910 


60*25 


61-35 


62*40 


63-42 


64*41 


90 




91 


46-33 


48-17 


49-89 


51*51 


53 03 


54*46 


55*82 


57*11 


58-37 


59-54 


60*70 


61*80 


62*86 


63-89 


64*89 


91 




92 


46-67 


48-52 


50*26 


51-89 


53-41 


54*86 


56*23 


57*53 


58-80 


59-98 


61*14 


62*25 


63*32 


64-36 


65*36 


92 




93 


47-01 


48-87 


50*62 


52-27 


53-79 


55*26 


56*64 


57*95 


59-22 


60-41 


61*58 


62*70 


63*78 


64*82 


65*83 


93 




94 


47-35 


49-22 


50*98 


52*64 


54-17 


55-66 


57-04 


58*36 


59-64 


60-85 


62*02 


. 63*15 


64*24 


65*28 


66*30 


94 




95 


47-68 


49*57 


51*34 


53-01 


54-57 


56*05 


57*44 


58-77 


60-07 


61*27 


62*46 


63*60 


64*69 


65*75 


66*77 


95 




96 


48-02 


49*92 


50-70 


53-38 


54*95 


56-44 


57-84 


59-18 


60-49 


61*70 


62*90 


64-05 


65*14 


66-21 


67-24 


96 




07 


48-35 


50*26 


51*06 


53*75 


55*33 


56*83 


58-24 


59-59 


60-91 


62*13 


63*33 


64*49 


65*59 


66-67 


67-71 


97 




98 


48-68 


50*60 


51'42 


54*12 


55*71 


57-22 


58*64 


60-00 


61*32 


62-56 


63*76 


64-93 


66*04 


67-12 


68-17 


98 




99 


49-01 


50*94 


51-78 


54*49 


56*09 


57-61 


59*04 


60*41 


61*73 


62-98 


64-20 


65*37 


66*49 


67-57 


48*63 


99 




100 


4fV34 


51*29 


5313 


£4*85 


56-47 


58-00 


59*44 


60*82 


62*15 


63-40 


64*63 


65*82 


66*94 


68-03 


69*09 


100 
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5« 


4 


H 


5 


H 


6 

• 


6i 


7 


n 


8 


H 


9 


9* 


10 


10^ 


11 


21 


6-96 


7-24 


7-50 


7-74 


7*98 


8-19 


8-40 


8*59 


8-78 


8-96 


9*13 


9-30 


9*46 


9*61 


9*76 


21 


82 


7-17 


7-46 


7-72 


7-97 


8*21 


8-43 


8-65 


8*84 


9-04 


9-22 


9*40 


9-57 


9*74 


9*89 


10*05 


82 


23 


7-38 


7-68 


7-94 


8-20 


8*44 


8-67 


8-90 


9-09 


9-30 


9-48 


9-67 


9-84 


10*02 


10-17 


10-34 


23 


24 


7-59 


7-90 


8-16 


8-43 


8-68 


8-91 


9-15 


9-34 


9-56 


9-74 


9-94 


10-12 


10*30 


10-46 


10-63 


24 


25 


7-80 


8-12 


8-38 


9-66 


8-92 


9-15 


9-40 


9-60 


9*82 


10-01 


10-21 


10-40 


10*58 


10-75 


10-92 


25 


26 


8-01 


8-34 


8-60 


8-89 


9-16 


9-40 


9-65 


9-86 


10-08 


10-28 


10-48 


10-68 


10*86 


11-04 


11-21 


26 


27 


8-22 


8-56 


8-82 


9*12 


9-40 


9-65 


9*90 


10-12 


10-34 


10-55 


10-75 


10-96 


11*14 


11-33 


11-50 


27 


28 


8-43 


8-78 


9-04 


9-35 


9-64 


9-90 


10*15 


10-38 


10*60 


10-82 


11-02 


11*24 


11*42 


11-62 


11-79 


28 


29 


8-64 


9-00 


9-26 


9-53 


9-88 


10-15 


10*40 


10-64 


10*87 


11-09 


11-29 


11-52 


11-71 


11-91 


12-08 


29 


SO 


8-84 


9-20 


9-52 


9-83 


10*12 


10-40 


10*66 


10-90 


11-14 


11*36 


11-58 


11-80 


12-00 


12-20 


12*38 


SO 


SI 


9-02 


9-39 


9-72 


10-03 


10*33 


10-62 


10*88 


11-13 


11-37 


11-60 


11-82 


12-04 


12-25 . 


12-45 


12-64 


31 


S2 


9-20 


9-58 


9-92 


10-23 


10*54 


10-84 


11*10 


11-36 


11-60 


11-84 


12-06 


12-29 


12-50 


12-70 


12-90 


32 


S3 


9-38 


9-76 


1012 


10-44 


10-75 


11-06 


11*32 


11-59 


11-83 


12-08 


12-30 


12-54 


12-75 


12-96 


13-16 


33 


34 


9-57 


9-95 


10-32 


10-65 


10*96 


11-28 


11-54 


11*82 


12-06 


12-32 


12-54 


12-79 


1300 


13-22 


13*42 


34 


35 


9-76 


10-14 


10-53 


10-86 


11-17 


11-50 


11-76 


12*05 


12-30 


12-56 


12-79 


13-04 


13-25 


13-48 


13-68 


35 


36 


9-95 


10-34 


10-73 


11-07 


11-38 


11-72 


11-99 


12*28 


12-54 


12-80 


13-04 


13-29 


13-50 


13-74 


13-94 


36 


37 


10-14 


10-54 


10-93 


11-28 


11-59 


11-94 


12-22 


12*51 


12-78 


13-04 


13-29 


13-54 


13*76 


14-00 


14-20 


37 


38 


10-33 


10-74 


11-13 


11*49 


11-81 


1216 


12-45 


12*74 


13-02 


13*28 


13-54 


13-79 


14*02 


14-26 


14-46 


38 


39 


10-52 


10-94 


11-34 


11*70 


12-03 


12-38 


12-68 


12-97 


13-26 


13*52 


13-79 


14-04 


14*28 


14-52 


14-73 


39 


40 


10-71 


11-14 


11-54 


11-91 


12-26 


12-60 


12-91 


13 21 


13-50 


13*77 


14-04 


14-29 


14*54 


14-78 


15-00 


40 


41 


10-88 


11-31 


11-72 


1210 


12-45 


12-80 


13-11 


13*42 


13-71 


13*99 


14*26 


14-51 


14*77 


15-01 


15-24 


41 


42 


11-05 


11-49 


11-90 


12-29 


12-64 


13-00 


13-31 


13-63 


13*92 


14*21 


14-48 


14-74 


15*00 


15-24 


15-48 


48 


43 


11-22 


11-67 


12-08 


12-48 


12-83 


13-20 


13-51 


13-84 


14-13 


14*43 


14*70 


14-97 


15*23 


15-47 


15-72 


43 


44 


11-39 


11-85 


12-26 


12-67 


13-03 


13-40 


13*72 


14-05 


14*34 


14*65 


14*92 


15-20 


15*46 


15-70 


15-96 


44 


45 


11-56 


12-03 


12-44 


12*86 


13-23 


13-60 


13*93 


14-26 


14*56 


14-87 


15*14 


15-43 


15*69 


15-94 


16-20 


45 


46 


11-73 


12-21 


12-63 


13-05 


13-43 


13*80 


14-14 


14-47 


14-78 


15*09 


15*37 


15-66 


15*92 


16-18 


16*44 


46 


47 


11-90 


12-39 


12-82 


13-24 


13-63 


14*00 


14-35 


14-68 


15*00 


15*31 


15*60 


15-89 


16*15 


16-42 


16-68 


47 


48 


12-07 


12-57 


13-01 


13-43 


13-83 


14*20 


14*56 


14-89 


15*22 


15*53 


15*83 


16-12 


16*39 


16-66 


16-92 


48 


49 


12-25 


12-75 


13-20 


13-62 


14-03 


14*40 


14-77 


15-10 


15*44 


15*75 


16*06 


16-35 


16*63 


16-90 


17-16 


49 


50 


12-43 


12-93 


13-39 


13*82 


14*23 


14*61 


14-98 


15-32 


15*66 


15*98 


16*29 


16-58 


16*87 


17-14 


17-41 


50 


51 


12-59 


13-09 


13-56 


13-99 


14*41 


14*79 


1517 


15-51 


15*86 


16*18 


16*50 


16-79 


17*08 


17-36 


17-63 


51 


52 


12-75 


13-25 


13-73 


14-17 


14*59 


14*98 


15-36 


15-70 


16*06 


16*38 


16*71 


17-00 


17*29 


17-58 


17*85 


52 


53 


12-91 


13-41 


13-90 


14*35 


14*77 


15*17 


15-55 


15-90 


16*26 


16-58 


16*92 


17-21 


17*51 


17-80 


18-07 


53 


54 


13-07 


13-58 


14-07 


14*53 


14*95 


15*36 


15-74 


16-10 


16*47 


16-78 


17*13 


17-42 


17*73 


18-02 


18-29 


54 


55 


13-23 


13-75 


14-24 


14*71 


15*13 


15*55 


15*93 


16-30 


16*67 


16*99 


17-34 


17-63 


17*95 


18-24 


18-51 


55 


56 


13-39 


13-92 


14-41 


14*89 


15-31 


15*74 


16*12 


16-50 


16*87 


17*20 


17-55 


17-85 


18*17 


18-46 


18-74 


56 


57 


13-55 


14-09 


14-58 


15*07 


15-50 


15-93 


16*31 


16-70 


17-07 


17*41 


17-76 


18-07 


18-39 


18-68 


18-97 


57 


58 


13-71 


14-26 


14-76 


15*25 


15-69 


16-12 


16*51 


16-90 


17-27 


17*62 


17-97 


18-29 


18*61 


18-90 


19-20 


58 


59 


13-87 


14-43 


14-94 


15*43 


15-88 


16-31 


16*71 


17-10 


17-48 


17*83 


18-18 


18-51 


18*83 


19-13 


19*43 


59 


60 


14-04 


14-60 


15-12 


15*61 


16-07 


16-50 


16*91 


17-30 


17-68 


18*04 


18-39 


18-73 


19*05 


19-36 


19-66 


60 


61 


34-19 


14-75 


15-28 


15*77 


16-24 


16-67 


17*09 


17-48 


17-87 


18*23 


18-58 


18-93 


19*25 


19-57 


19-87 


61 


62 


14-34 


14-90 


15-44 


15*94 


16-41 


16-85 


17*27 


17-66 


18-06 


18*42 


18-78 


19-13 


19*45 


19-78 


20-08 


62 


63 


14-49 


15-05 


15-60 


16*11 


16-58 


17*03 


17*45 


17-85 


18-25 


18*61 


18-98 


19-33 


19*65 


19-99 


20-29 


63 


64 


14-64 


15-21 


15-76 


16*28 


16-75 


17*21 


17*63 


18-04 


18-44 


18*80 


19-18 


19-54 


19*85 


20-20 


20-50 


64 


65 


14-79 


15-37 


15-92 


16*45 


16-92 


17*39 


17*81 


18-23 


18-63 


19*00 


19-38 


19-74 


20*06 


20-41 


20-71 


65 


66 


14-94 


15-53 


16-08 


16-62 


17-09 


17*57 


17*99 


18-42 


18-82 


19*20 


19-58 


19-94 


20*27 


20-62 


20-92 


66 


67 


15-09 


15-69 


16-25 


16-79 


17-26 


17*75 


18*17 


18-61 


19-01 


19*40 


19-78 


20-15 


20*48 


20-83 


21-13 


67 


68 


15-24 


15-85 


16-42 


16-96 


17-44 


17*93 


18*35 


18-80 


19-20 


19*60 


19-98 


20-35 


20*69 


21-04 


21-34 


68 


69 


15-40 


16-01 


16-59 


17*13 


17-62 


18*11 


18*54 


18*99 


19-40 


19*80 


20-18 


20-55 


20*90 


21*25 


21-56 


69 


70 


15-56 


16-18 


16-76 


17-30 


17-81 


18*29 


18*74 


19-18 


19*60 


20*00 


20-38 


20-76 


21-11 


21*46 


21-79 


70 


71 


15-70 


16-33 


16-91 


17-46 


17-97 


18*46 


18*91 


19-35 


19*78 


20-18 


20-57 


20-95 


21*31 


21-66 


22-00 


71 


72 


15-84 


16-48 


17-06 


17-62 


18-13 


18*63 


19*08 


19-52 


19*96 


20*36 


20-76 


21-14 


21*51 


21-86 


22-20 


72 


73 


15-98 


16-63 


17-21 


17*78 


18-29 


18*80 


19-25 


19-69 


20*14 


20*54 


20-95 


21-33 


21*70 


22-06 


22-40 


73 


74 


16-12 


16-78 


17-36 


17*94 


18-45 


18*97 


19-42 


19-87 


20*32 


20*72 


21-14 


21*52 


21-90 


22-26 


22-60 


74 


75 


16-26 


16-93 


17-51 


18*10 


18-61 


19*14 


19-59 


20-05 


20*50 


20*91 


21-33 


21*71 


22*10 


22-46 


22-81 


75 


76 


16-40 


17-08 


17-67 


18*26 


18-78 


19*31 


19-77 


20-23 


20-68 


21*10 


21-52 


21*90 


22*29 


22-65 


23-01 


76 


77 


16-55 


17-23 


17-83 


18*42 


18-95 


19*48 


19-95 


20-41 


20*86 


21*29 


21-71 


22*09 


22-49 


22-85 


23-21 


77 


78 


16-69 


17-38 


17-99 


18-58 


19-12 


19*65 


20-13 


20-59 


21*04 


21*48 


21*90 


22*28 


22*68 


23-05 


23-42 


78 


79 


16-84 


17-53 


18-15 


18*74 


19-29 


19*82 


20-31 


20-77 


21*23 


21*67 


22*09 


22*48 


22*88 


23-25 


23-62 


79 


80 


17-00 


17-68 


18-31 


18*91 


19-46 


19*99 


20-49 


20-96 


21*42 


21*86 


22*28 


22*69 


23*07 


23-45 


23-82 


80 


81 


17-14 


17-82 


18-46 


19*06 


19-62 


20*15 


20-65 


21-13 


21*59 


2204 


22*46 


22*87 


23*26 


23-65 


24-02 


81 


82 


17-28 


17-96 


18-61 


19*21 


19-78 


20*31 


20-81 


21-30 


21*76 


22*22 


22*64 


23-05 


23*45 


23-85 


24-21 


82 


83 


17-42 


18-10 


18-76 


19*36 


19*94 


20*47 


20-97 


21-47 


21*93 


22-40 


22*82 


23*23 


23*64 


24-04 


24-41 


83 


84 


17-56 


18-24 


18-91 


19*51 


20-10 


20*64 


21-14 


21-64 


22*10 


22*58 


23*00 


23*41 


23*83 


24-23 


24-60 


84 


85 


17-70 


18-38 


19-06 


19*67 


20-26 


20*80 


21-31 


21-81 


22*28 


22*76 


23*18 


23*60 


2402 


24-42 


24-79 


85 


86 


17-84 


18-53 


19-21 


19*83 


20-42 


20*96 


21-48 


21-98 


22*46 


22*94 


23*36 


23*79 


24*21 


24-61 


24-99 


86 


87 


17-98 


18-68 


19-36 


19*99 


20-59 


21-12 


21-65 


22-15 


22*64 


2312 


23*54 


23*98 


24*40 


24*80 


25-18 


87 


88 


18-12 


18-83 


19-51 


20*15 


20-74 


21-28 


21-82 


22-32 


22-82 


23*30 


23*72 


24*17 


24*59 


24*99 


25-37 


88 


89 


18-26 


18-98 


19-66 


20*31 


20-90 


21-45 


21-99 


22-50 


23*00 


23*47 


23*91 


24*36 


24*78 


25*18 


25-57 


89 


90 


18-40 


19-13 


19-81 


20*45 


21-06 


21-62 


2216 


22-68 


23*18 


23-64 


24*10 


24*54 


24*96 


25-37 


25-76 


90 


91 


18-53 


19-26 


19-95 


20*59 


21-21 


21-77 


22-3^ 


22-85 


23*35 


23*81 


24*27 


24*71 


2514 


25*56 


25-95 


91 


92 


18-66 


19-40 


20-09 


20*74 


21-36 


21-92 


22-50 


23*02 


23*52 


23*98 


24*44 


24*89 


25*32 


25*75 


2614 


92 


93 


18-79 


19-54 


20-23 


20*89 


21-51 


22-08 


22-66 


23*19 


23*69 


24*15 


24*61 


25-07 


25*50 


25*94 


26-33 


93 


94 


18-92 


19-68 


20-37 


21*04 


21-66 


22-24 


22-82 


23-36 


23*86 


24*32 


24-78 


25-25 


25*68 


2613 


26-52 


94 


95 


19-05 


19-82 


20-51 


21*19 


21-81 


22-40 


22-98 


23-53 


24*03 


24*49 


24*95 


25-43 


25*86 


26*31 


26*71 


95 


96 


19-18 


19-96 


20-65 


21*34 


21-96 


22-56 


23-14 


23-69 


24-20 


24*66 


25*12 


25*61 


26*04 


26*49 


26*90 


96 


97 


19-32 


20-10 


20-80 


21*49 


21-11 


22-72 


23*30 


23-85 


24-37 


24*83 


25*30 


25*79 


26*22 


26*67 


27-09 


97 


98 


19*46 


20-24 


20-95 


21*64 


21-27 


22-88 


23*46 


24-01 


24-54 


25*00 


25*48 


25*97 


26*40 


26*85 


27*28 


98 


99 


19-60 


20-38 


21-10 


21*79 


21-43 


23-04 


23*62 


24-17 


24-70 


25*18 


25*66 


26*15 


26*58 


27*03 


27*46 


99 


100 


19-74 


20-52 


21-25 


21*94 


22-59 


23-20 


23*78 


24*33 


24-86 


25*36 


25-85 


26*33 


26*78 


27*21 


27*64 


100 



A A 
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Dimennons of Paris of Land and Marine Enginti. 




21 
22 
23 
24 
25 
26 
27 
28 
29 
SO 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
9i» 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 



Laxd ahd Mau!cb Enoiitii. Contflit of the Feed Pump In Cable Inchei . 



1 



29-57 
32*60 
35-60 
38-6: 
41-fi: , 
45-3T ; 
48-99 
52-06 ; 
5G-n2 ; 
60-00 I 
64-S.'^ j 
68-66 ' 
72-99 
77-33; 
81-67, 
86-67 i 
91-67 
96-68 ■ 
101-68 , 
106-68 
112-34' 
118-00 
123*66 



2i 



129-32 ! 

135-00; 

141-33 

147-66 , 

153-99, 

160-33 

166-67 ' 

173-60 

180-61 

187-64 . 

194-66 ' 

201-67 

209-33 

216-99 

224-66 ' 

232-32 , 

240-00 

248-33 i 

256-66 , 

264-99 

273-32 

281-67 

290-33 

29913 ' 

308*06 

317-12 

326-67 

336-07 

345-60 

355*26 

365-06 

375*00 

385-06 

395-25 

405-58 

416-04 

426-72 

437*44 

448-29 

459-28 

470*40 : 

481-67 ' 

493-05 i 

504-57 ' 

516-22 I 

528-00" 

540-00 

552*05 

564-23 

576-55 

588-97 

601-66 

614-26 I 

626-99 

639-85 

652-8:) , 

666-67 ' 



t 



3 



I m 



37*08 
40*83 
44-58 
48-33 
52-0 "5 i 
56-6*i 
61*24 ' 
65-S2 . 
70-4J) ■ 
75-««) 
80*41 ' 
85-82 ' 
91-23 
96-64 
102-09 
108-33 
114-57 
120-81 ■ 
127-06 
133*33 
140-41 
147-49 
154-57 . 
161-65 
168-7.> 
176-66 
184*57 
192*48 
200-39 
208-33 
217*08 
225-83 
234-58 
243-33 
2'>2-09 
261-67 . 
271-25 
280-53 ! 
290-11 
300*00 
310-41 : 
320-82 
331*23 
341-64 
352-09 ; 
3G2-97 ■ 
374-02 ■ 
385*24 . 
346-62 , 
408-33 j 
420-08! 
432-08 
444-12 
4S6-37 
468-75 
481-33 
494-07 
506-99 
520-07 
533-33 
546-77 
560*35 
574*10 
588*01 
602*08 
616*31 
630*72 
645*30 
660*04 
675-00 
690-07 
705-32 
720-73 
736-30 
/ 52-07 
767*99 
784*07 
800-31 
818-72 
833-34 



H 



44-50 
49-00 
53*50 
58*00 
62*50 
68*00 
73*50 
79-00 
84*.^0 
90-01) 
. 96-50 . 
103-00 
109-30 
116-00 ; 
122-51 
130-00 
137-49 
144*98 
152-47 
160-00 . 
168-50 
177*00 
185*50 
194-00 
202*50 . 
212*00 
221-50 
231-00 
240*50 
250*00 
250*50 
271-Ot) ■ 
281-50 
292-<^0 
30-2-51 ■ 
314-00 
325-43 
330-98 I 
348-47 ' 
360-00 
372-50 
385-00 
397-50 I 
410-00 
422-51 I 
435-62 ■ 
448-92 
462-42 
47612 ' 
489*99 
504-09 
518-49 
532-99 ' 
547*69 ' 
562-50 I 
577-60 ' 
592-90 
608*40 
624*10 
640*00 
656*10 
672*40 
688*90 
705-60 
722-50 
739-60 
756-90 
774-40 
792*10 
810*00 
828-10 
846-40 
864-90 
883-60 
902-49 
921-59 
940-89 
900-39 
980*09 
l(»5Wl-0O 



•- I 



51-91 
57-16 
62-41 
67-66 
72-92 
79-33 
85-74 ' 
92-15' 
98-56 ; 
105-OI)' 
11-2-58 
1>0-10 
127-74 ' 
133-3-2 
142-93. 
147-67 
152-41 
157-15' 
161-89! 
106-66" 
176-57 
186-48 ; 
190-39 
206-30 
236-25 
247-33 
258-41 
209-49 
270*57 
291*67 i 
303*92 
316-17 
328-42 
340*07 
352-93 ' 
366-34 I 
379-75 ! 
393-16 ' 
406-57 
420-00 
434-58 
449-16' 
463-74 ' 
478-32 
492-93 
508-26 
523-81 
539-60 
505*62 
571*67 
588-11 
604-84 
621-75 
638-90 
656-25 
673-86 
691-70 
709-78 
728-09 
666-66 
765-42 
784-40 
8a3-42 
823-07 
842-91 
862*83 
882-97 
9a3-35 
923-96 
945*00 
966*07 
987*38 
1008-93 
ia30-70 
1052-90 
107515 
U)97-62 
1 120-33 
1143-27 
1166-67 



4i 



59-33 
65-33 
71-33 
77-33 
83-33 
90-66 
97-99 
105-32 
11265 
120-00 
128-60 
137-32 
145-98 
154*64 
163-34 
173-33 
183-32 
193-31 
203-30 
213-33 
224-66 
235-99 
247-32 
258*65 
270-00 
282-66 
295-32 
30:*<i8 
320-04 
333-33 
347-33 

361-33 

375-34 

389-34 

403-35 

418*08 

434-01 

449-34 

464-67 

480*00 

496-66 

513*32 

529-90 

546-62 

563-34 

580-66 

598-26 

616-12 

634-24 

653*33 

672-14 

691-20' 

710-52 j 

730-12 

750DO 

770*12 

790*50 I 

811-16' 

832-08 

853*33 ' 

874*88 

896*58 

918*56 

940-80 

963-33 

986-10 . 

100914 

1032-44 

1056-00 

1080-00 

1104-10 

1128-46 

1153-10 

1177 94 

1203-33 

1228-52 

1253-98 

1279-70 

1305-70 

1333-33 



I 



66-75 

73-50 j 

80-25 

87-00. 

93-75 1 

10-2-20 

110*65- 

119-101 



127-55 

135-00 ' 

144-75 

154-50 

164*25 

174*0t) 

183-75 

195-00 

200*25 : 

217-50 I 

228-75 

240-J)0 

25-2-75 ; 

205-50 ■ 

278*50 '■ 

291-25' 

303*75 : 

318*00 1 

332*25 ' 

346-50 ; 

360-75 I 

375-00 \ 

390-75 I 

406-50 ! 

422-25 I 

43800 I 

453*77 

471*01 

488*25 

505-49 

522-73 ^ 

540-00 ' 

558-75 I 

577-50 ' 

596-25 

615-00 

633-76 

653-30 

673-38 

693-63 

714-18 

734-99 

756-13 

777-73 

799-48 

821-53 

843-75 

866-40 

889-35 

912-60 

936-15 

960*00; 

984- 15 ! 



1008*60 



1033-35 ; 

1058-40 ' 

1083*74 '. 

1109-40 

1 135-35 > 

1161-60: 

1188-15! 

1215-00 

1242*15 

1269*60 

1297*35 

1325-40 

1353-74 

1382-38 

1411-33 

1440-58 

1470*13 

1500-00 



H 



74-17 
81-67 
89-17 
96-67 
104-17 
113-33 
122-49 
131-65 
140*81 ' 
150-00 . 
160-83 = 
171-66 
182-49 
193-32 
20417 
216-67. 
229-17 
241-68 
•254-18 . 
266-68 
280-84 ' 
295-00: 
309- 16 I 
323-32 : 
337-50 ' 
353-33 ' 
369-16 
384-99 
400-82 
416-67 
434-17 
451-67 
469-18 
486*68 
504-19 
520-35 
539-51 
558-67 
577-83 
600-00 
620-83 
641-66 
662-49 
683-32 
70418 
725-94 
748-27 
770-81 
743-68 
816-66 
840-15 
864-15 
888-31 
912-81 



937*50 ! 
962-68 ' 
988-17 1 
1014-00' 
1040*17 I 
1066*72 . 
1093-55 ' 
1120-71 I 
1148-20 
1176-02' 
120415 
1232-63 
1261-45; 
1290 001 
1320-09 
1350-00 
1380-15 
1410-64 
1441-46 
1472*61 
1504-16 
1535-98 
1568-14 
1600-63 
1637-45 
1666-66 ' 



6i 



81*58 

89-83 

98-08 

106-33 

114-58 

124-66 

134-74 

144-82 

154-90 

165-00 

176-91 

188-82 

200-73 

212-64 

224-59 

238-33 

252-07 

265-81 

279-55 

293-33 

308-91 

324-49 

340-07 

355-65 

371-25 

388-66 

406-07 

423-48 

440-89 

458-33 

477-58 

496-83 

516-08 

535-33 

554-60 

575-68 

596-76 

617-84 

638-92 

660i)0 

682-91 

705-82 

728-73 

751-64 

774-59 

798-58 

823-16 

847-99 

873-18 

898-33 

924-17 

950-57 

977-14 

1004-09 

1031-25 

1058-96 

1086-99 

1115-40 

1144-19 

1173-33 

1202-87 

1232-75 

1263-00 

1293-61 

1324-56 j 

1855-91 . 

1387-62 ' 

1419*70 ' 

1452-14 

1485*00 

1518*17' 

1551*73 '• 

1585-63 

1619-90 

1654-58 

1689-58 

1724*96 

1760*70: 

1798*81 

1833*."^3 



89-00 i 
98-00 ' 
107-00 
116-00 
125*00 
136*00 j 
147-00 
158-00 i 
169-001 
180-00' 
193-00 
206-00' 
219-00' 
232-00 
245-00 
260-00 
275-00 
290-00 
305-00 ' 
320-00; 
337-00 ■ 
354-00 i 
371-00 I 
388-00 
405-00 
424-00 j 
443-00 
462-(H) I 
481-00' 
500-00 I 
521*00: 
542*00 1 
563*00 { 
584*00 
605*01 
628*01 
651*01 
674-01 
697*01 
720-00 
745-00 
770-00 
795-00 
820-00 
845*01 
871*24 
897-84 
924-84 
952-24 
979-99 
1008-18 
1036-98 
1065-98 
1095-38 
1125-00 
1155-20 
1185-80 
1216*80 
1248-20 
1280H)0 
1312-20 
1344*80 
1377-80 
1411-20 
1445-00 
1479-20 i 
1513-80 
1548-80 
1584-20: 
1620-00 I 
1656-20 
1692-80 
1729-80 
1767-20 
1805-00 
1843*18 
1881-78 
1920-78 
1960-18 
2000*00 



• I 



96*41 I 
106-16 
115-91 
125-66 '. 
135-42 • 
147-33 , 
159-24; 
171-15 1 
183-06 j 
195-00' 
209*08 1 
223-16 : 
237*24 
251-32 . 
265-42 
281-66: 
297-90 
314-14 
330-38 I 
346-66 ! 
365*08 
383*49 
401*90 
420-31 
438-75 
459-33 
479-91 
500-49 
521-07 
541-67 
564-42 
587-17 
609-92 
632-67 
655-42 
680-33 
705-24 
730-15 
755-06 
780-00 
807-08 
834-16 
861-24 
888-32 
915-43 
943-88 
972*74 
1002*02 
1031-30 
1061-66 
1092-20 I 
1123-35 
1154-74! 
1186*59 1 
1218*75 I 
1251*46 
1284-60 ' 
1318-20 
1352-19 
1386-66 
1421-54 
1456-80 
1492-52 
1528*67 
1565-41 
1602*43 
1639-87 
1677-75 
1716-06 
1755-«1 
1794-17 
1833-78 
1873-83 
1914*30 
1955*41 
1996*74 
2038*51 
•208()-72 
2123*30 
2166-60 



7i 



8 



103*83 
114-33 
124-83 ! 
135-33 I 
145-83 ; 
158-66 ; 
171-49 
184-32 I 
19715: 
210-00 
225-16 I 
240-32 . 
255-47 ! 
270-63 i 
285-83 ' 
303-33 I 
320-83 ; 
338*33 
355*»3 
373*33 
393-16' 
412*99 
432-82 
452-65 
472-50 
494-66 
516-82 
538-98 
561-14 1 
583-33 ! 
607-83 i 
632-33 ' 
656-83 i 
681-34 
705-84 
732-67 
759-50 i 
786-35 ' 
81318 j 
840-00 
869-17 
898-34 
917-51 
946-68 . 
985-85 : 
1016*52 { 
1047-64 I 
1079-20 ' 
1110-36 
1143-33 
1176-22 
1209-72 ] 
1243*50 
1277*80 
1312*50 
1347*72 
1383*40 I 
1419-60' 
1456-18 ! 
1493-33 
1530-84; 
1568*81 ■ 
1607*25 
1646*15 1 
1685-83. 
1725-66 
1765-95 ' 
1806-71 
1847-93 
1890-00 
193215 
1974-77 
2017-86 
-2061-41 
2105-82 
2150-30 
2195-25 
2240-66 
•2286-54 
•2333-33 



111*25 
122-50 
133*75 
145-00 i 
156*25 I 
170-00 ' 
183-75 I 
197-50 i 
211-25 I 
225-00 , 
241*24 - 
257*48 . 
273-72 I 
289*96 . 
306-24 > 
324-99 ' 
343-74 , 
362-49 ' 
381*24 ; 
400*00 i 
421-25 ' 
442-50 ■ 
463-75 I 
485*00 i 
506*25 
530*00 
553*75 
577*50 
601*25 
625-00 
651*25 
677-50 
703-75 
730*00 
756-26 
785-00 I 
813-74 , 
842-48 
871-22 i 
9(X)-00 
931-25 
962-50 
993-75 
1025-00 
1056-27 
1089*16 
1122*54 
1156-38 
1189-42 
1224-99 
1260-24 
1296-09 
1332-26 
1369-01 
1406-25 
1443-98 
1482-20 
1521-00 
1560-17 
1600-00 
1640-16 
1680-98 
1722-18 
1763-87 
1706-24 
1848-93 
189211 
1935-79 
1979-96 
2025-tH) 
207017 
2115-84 
2162-03 
2208-64 
2256-24 
23a3-67 
2351-60 
240O-a3 
2448-97 
250«>-00 



H 



mm I «. 



128-66 

150-66 

172*67 

184*67 

166-67 

181-33 

195-99 

210-65 i 

225-31 I 

240-00 ! 

257-33 '• 

274-66 j 

291-99 I 

309-32 ■ 

326-65 

346-65 

366-65 I 

386-66 

406-66 . 

426-66 , 

449-32 

471-98 

494-64 

517-30 

540-00 

565-33 

590-66 

615-99 

641-32 r 

666*67 I 

694-67 j 

722*67 ' 

750-07 I 

778-68 : 

806-08 ' 

837-34 . 

868-00 : 

898-66 ■ 

929-32 ' 

960-<H) ■ 

993-34 
1026-68 
1060-02 
1093*36 
1126*70 
1161*32 
1196-52 
1232-24 
1268-48 
1306-66 
1344-28 
1382-40 
1421*04! 
1460-24 I 
1500-00 
1540-24 
1581-00 
1622-32 
1664-16 
1706-66 
1749-76 
1793-16 
1837-12 
1881-60 
1926-67 ! 2047-08 2167-50 



126-08 
138-83 
151*58 
164*33 
177*08. 
192*66 
208-24 > 
2-23*82 
239-40 
255-00 
273-41 
291-62 
310-23 
328-64 
347-06 
368-31 
389-56 
410-81 
432-06 
453-33 
477-41 I 
501-49 '■ 
525-57 I 
549-65 ' 
573-75 : 
600-66 
627-57 I 
654-48 
681-39 
708-33 
738-08 
767-83 . 
797-58 
827-33 : 
857-09 . 
889-67 , 
922-25 ' 
954*83 ■ 
987*41 
1020-00 
1055.40 • 
1090-80 ' 



133-50 
147-00 
160-50 
174-Otl 
187*50 
204-00 
220-50 
237-00 
253-50 
270-00 
289-50 
309-00 
328-50 
348-00 
367-50 
390i)0 
412-50 
435-00 
457-50 
480-00 
505*50 
531*00 
556*50 
582*00 
607*50 
636-00 
664-50 
693-00 
721*50 
750*00 
781-50 
813-00 
844-50 
876-00 
907-50 
942-00 
976*50 
1011-00 
1045*50 
1080*00 
1117*50 
1155-00 



1126-2011192-50 
1161-60 I 1230*00 
1197*04! 1267*50 
1233-96 ! 1306*86 
1271-42 1 1346-76 



1309-42 
1348-42 
1388-33 
1428-28 
1468-93 
1510*00 
1551-65 
1593-75 
1636*52 
1679*85 
1723*76 
1768-23 
1813-33 
1850-08 



1387*26 
1428-36 
1470-00 
1512*27 
1555*47 
1598-97 
1643-07 
1687-50 
1732-80 
1778*70 
1825-20 
1872-30 
1920*00 
1968*30 



1905-18 12017-20 
1951*93 12066*70 
1999*20 I 2116-80 



1972-20 ; 

2018-28 

2064-88 

2112-00 

2160-00 

2208-20 

•2256-92 

2300-20 

2355-88 

2400*67 

2457-04 . 

2507-96 

2559-40 

2011-40 

2066*60 . 



2095-50 2218-80 
2144-49)2270*70 
2194-0412323*20 
2244-15-2376-30 



ill ! 



2295-00 
2346-25 
2398*06 
2450*45 
25« 13-34 
2557-08 
2610-90 



2430-00 
2484-30 
2539-20 
2594*70 
2650*80 
2707*50 
2764*77 



2065-31 I 2822*67 
2720 28! -2881-17 
2775-83 12940-27 
2833-33 3000-00 



21 
22 

S3 
24 
25 
26 
27 
28 
29 
30 
31 
38 
83 
34 
33 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
35 
56 
57 
58 
59 
60 
61 
6S 
63 
64 
65 
66 
67 
68 
69 
70 
71 
79 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
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Land Enoinu. Ckwteot of Cold Water Pump in Cubic Feet. 
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•18 


•23 


•27 


•32 


•36 


*41 


•46 


•50 


•54 


•69 


•63 


•68 


72 


•77 


*82 


20 


21 


•20 


•26 


*30 


•36 


•40 


•45 


•50 


•55 


•60 


•65 


•70 


•75 


•80 


•85 


•91 


21 


2S 


•22 


*27 


•33 


•38 


•44 


•49 


•65 


•60 


•66 


*71 


*77 


•82 


•88 


•93 


1^00 


22 


23 


•24 


•29 


•36 


•42 


•48 


•54 


*60 


•66 


•72 


*78 


•84 


•90 


•96 


1*02 


1*09 


23 


24 


•26 


•32 


•39 


•46 


•52 


•59 


*65 


•72 


•78 


*85 


•91 


•98 


1*04 


1*11 


1*18 


24 


25 


•28 


•35 


•42 


•50 


•57 


•64 


*71 


•78 


*85 


*92 


*99 


1*06 


1*13 


1*20 


1*28 


25 


26 


•30 


•38 


•45 


*54 


•62 


•69 


*77 


•84 


•92 


1*00 


1*07 


1*15 


1*23 


1*30 


1*39 


26 


27 


•32 


•41 


•49 


•58 


•67 


•74 


*83 


*91 


•99 


108 


1*16 


1*24 


1*33 


1*41 


1*50 


27 


28 


•35 


•44 


•53 


•62 


•72 


•80 


•90 


•98 


1*07 


1*16 


1*25 


1*33 


1*43 


1*52 


1*61 


28 


29 


•38 


•47 


•57 


•67 


•77 


*86 


•97 


1*05 


1*16 


1*24 


1*34 


1*43 


1*53 


1*63 


1*73 


29 


30 


•41 


•61 


•61 


•72 


•82 


*92 


1*02 


1*12 


1*23 


1-33 


1*43 


1*53 


1*64 


1*74 


1*85 


30 


31 


•44 


•54 


•65 


•77 


•87 


•98 


109 


1*20 


1*31 


1*42 


1*53 


1*64 


1*75 


1*86 


1*98 


31 


32 


•47 


•67 


*69 


•82 


•93 


1*04 


1*16 


1*28 


1*40 


1*51 


1-63 


1*75 


1*86 


1*98 


2*11 


32 


33 


•60 


•61 


•73 


•87 


•99 


111 


1*23 


1*36 


1*49 


1*60 


1*73 


1*86 


1*98 


2*10 


2*24 


33 


34 


•63 


•65 


•78 


•92 


1*05 


1*18 


1*31 


1*44 


1*58 


1*70 


1*84 


1*97 


2*10 


2*23 


2*37 


34 


35 


•66 


•69 


•83 


•97 


1*11 


1*25 


1*39 


1*53 


1*67 


1*80 


1*94 


2*08 


2*22 


2*36 


2*50 


35 


36 


•59 


•73 


•88 


1*03 


1*17 


1*32 


1*47 


1*62 


1*77 


1*91 


2*06 


2*20 


2*35 


2*60 


2*65 


36 


37 


•62 


•77 


•93 


1*09 


1*24 


1*39 


1*55 


1*71 


1*87 


2*02 


218 


2*33 


2*48 


2*64 


2*80 


37 


38 


•66 


•81 


•98 


1*15 


1*31 


1*47 


1*63 


1*80 


1*97 


2*13 


2*30 


2*46 


2*62 


2*78 


2*95 


38 


39 


.70 


•86 


1*03 


1*21 


1*38 


1*55 


1*72 


1*90 


2*07 


2*24 


2*42 


2*59 


2*76 


2*93 


3*11 


39 


40 


•73 


•91 


1*09 


1*27 


1*45 


1*63 


1*81 


2*00 


218 


2*36 


2*54 


2*72 


2-90 


3*09 


3*27 


40 


41 


•76 


•95 


1*14 


1*33 


1*52 


1*71 


1*90 


2*10 


2*29 


2*48 


2*67 


2*86 


3*05 


3*25 


3*44 


41 


42 


•80 


1*00 


1*20 


1*39 


1*60 


1*80 


2*00 


2*20 


2*40 


2*60 


2*80 


3*00 


3-20 


3*41 


3*61 


42 


43 


•84 


1*06 


1*26 


1*46 


1*68 


1*89 


2*10 


2*31 


2*52 


2-73 


2-94 


315 


3*36 


3*57 


3*78 


43 


44 


•88 


1*10 


1*32 


1*53 


1*76 


1*98 


2*20 


2*42 


2*64 


2*86 


3*08 


3*30 


3*52 


3*74 


3*96 


44 


45 


•92 


1*15 


1*38 


1*61 


1*84 


2*07 


2*30 


2*S3 


2-76 


2*99 


3*22 


3*45 


3-68 


3*91 


4*14 


45 


4« 


•96 


1*20 


1*44 


1*68 


1*92 


2*16 


2-40 


2*64 


2-89 


313 


3*37 


3*61 


3*85 


4*09 


4*33 


46 


4^ 


1-00 


1*25 


1-50 


1*75 


2*00 


2*25 


2-51 


2*76 


3*02 


3*27 


3*52 


3*77 


4*02 


4*27 


4*52 


47 


48 


1-04 


1*30 


1*56 


1*83 


2*09 


2*35 


2*62 


2*88 


3*15 


3*41 


3*67 


3*93 


4*19 


4*45 


4*71 


48 


49 


1-09 


1*36 


1*63 


1*91 


2*18 


2*45 


2-73 


3*00 


3*28 


3*55 


3*82 


4*09 


4*36 


4*63 


4^90 


49 


50 


M4 


1*42 


1*70 


1*99 


2*27 


2*55 


2-84 


3*12 


3*41 


3-69 


3-97 


4*26 


4*54 


4*82 


5*11 


50 


51 


M8 


1*47 


1*77 


2-07 


2*38 


2*65 


2-95 


3*25 


3*55 


3*84 


4*13 


4*43 


4*73 


5-02 


5*32 


51 


52 


1*22 


1*53 


1*84 


2-15 


2*49 


2*76 


3*07 


3*38 


3*69 


3*99 


4*30 


4*61 


4-92 


5*22 


5*53 


59 


53 


1-27 


1*59 


1*91 


2-23 


2*61 


2*87 


3*19 


3*51 


3*83 


416 


4-47 


4*79 


5-11 


5*43 


5*75 


53 


54 


1-32 


1*65 


1*98 


2-31 


2*73 


2*98 


3*31 


3*64 


3*97 


4*31 


4*64 


4*97 


5-30 


5*64 


5*97 


54 


55 


1-37 


1*71 


2*05 


2-40 


2*74 


309 


3*43 


3*77 


4*12 


4*46 


4*81 


5*15 


5-50 


5*84 


6*19 


55 


56 


1*42 


1*77 


2*13 


2-49 


2*84 


3*21 


3*56 


3*91 


4*27 


4*63 


4*99 


5*34 


5*71 


6*06 


6*42 


56 


57 


1-47 


1*84 


2-21 


2-68 


2*95 


3*33 


3*69 


4*05 


4*42 


4*80 


5*17 


5*54 


5*92 


6-28 


6*65 


57 


58 


1-52 


1*91 


2-29 


2-67 


3*06 


3*45 


3-82 


4*20 


4*58 


4*97 


5*35 


5*74 


6*13 


6*50 


6*89 


68 


59 


1*58 


1-98 


2*37 


2-77 


317 


3*57 


3-95 


4*35 


4*74 


5*14 


5*54 


5*94 


6*34 


6*73 


7*12 


69 


60 


1*64 


2*05 


2*46 


2-87 


3*28 


3*69 


4*09 


4*50 


4*91 


532 


5*73 


614 


6*55 


6*96 


7*36 


60 


61 


1-69 


2*12 


2-54 


2-96 


3*39 


3*81 


4*23 


4*65 


5*08 


5*50 


5*92 


6*35 


6*77 


7*20 


7*61 


61 


62 


1-74 


2*19 


2*62 


3-06 


3*50 


3*93 


4*37 


4*80 


5*25 


5*68 


6*12 


6*56 


6*99 


7*44 


7*87 


62 


63 


1-80 


2*26 


2*70 


3-16 


3*61 


4*05 


4*51 


4*95 


5*42 


5*86 


6*32 


6*77 


7*22 


7*68 


8*13 


63 


64 


1-86 


2*33 


2-79 


3*26 


3*72 


4*18 


4*66 


5*11 


5*59 


605 


6*52 


6*98 


7-45 


7*92 


8*39 


64 


65 


1*92 


2*40 


2*88 


3-36 


3*84 


4*32 


4*80 


5*28 


5-76 


6*24 


6*72 


7*20 


7*68 


8*16 


8*64 


65 


66 


1*98 


2-47 


2*97 


3-46 


3*96 


4*45 


4*95 


5*44 


5*94 


6*43 


6*93 


7*42 


7-92 


8*41 


8*91 


66 


67 


2*04 


2*54 


3*06 


3-56 


4*08 


4*58 


5*10 


5*60 


6*12 


6*62 


7*14 


7*65 


8*16 


8*67 


9*18 


67 


68 


2*10 


2*62 


3*15 


3-67 


4*20 


4*72 


5*25 


5*77 


6*30 


6-82 


7*35 


7*88 


8*40 


8*93 


9*46 


68 


69 


2*16 


2*70 


3*24 


3-78 


432 


4*86 


6*40 


5*94 


6*48 


702 


7*56 


8*11 


8*64 


9*19 


9*74 


69 


70 


2*23 


2*78 


3*34 


3-89 


4*45 


5*00 


5*56 


6*11 


6*67 


7*22 


7*78 


8*34 


8*89 


9*45 


10^02 


70 


71 


2*29 


2*86 


3*44 


400 


4*58 


5*15 


6*72 


6*29 


6-87 


7*44 


8*01 


8*59 


9*16 


9*73 


10*31 


71 


72 


2*36 


2*94 


3*54 


4-12 


4*71 


5*30 


5*89 


6-47 


7*07 


7*66 


8*24 


8*84 


9*43 


10*01 


10*61 


72 


73 


2*42 


3*02 


3-64 


4-24 


4*84 


5*45 


6*06 


6*66 


7*27 


7*88 


8*48 


9*10 


9*70 


10*3a 


10*91 


73 


74 


2*49 


311 


3*74 


4-36 


4*98 


5*60 


6*23 


6*85 


7*47 


8*10 


8*72 


9*36 


9*97 


10*59 


11*21 


74 


75 


2*56 


3*20 


3*84 


4-48 


512 


5*76 


6*40 


7*04 


7*68 


8*32 


8*96 


9*60 


10*24 


10*88 


11*51 


75 


76 


2*63 


3*28 


3*94 


4-60 


5*25 


6*91 


6-57 


7*23 


7*88 


8*54 


9*20 


9*85 


10*51 


11*17 


11*82 


76 


77 


2*70 


3*36 


4*04 


4*72 


5*39 


606 


6*74 


7*42 


8*09 


8*76 


9*44 


1011 


10*78 


11*46 


12*13 


77 


78 


2*77 


3*45 


4*14 


4*84 


5*63 


6*22 


6*91 


7*61 


8*30 


8*98 


9*68 


10*37 


11*06 


11*75 


12*46 


78 


79 


2*84 


3*64 


4*25 


4-96 


5*67 


6*38 


7*08 


7*80 


8*51 


9*21 


9*92 


10-63 


11*34 


12*04 


12*76 


79 


80 


2*91 


3*63 


4*36 


5-09 


6*81 


6*54 


7*26 


7*99 


8*72 


9*44 


10*17 


10*89 


11*62 


12*35 


13^09 


80 


81 


2*98 


3*72 


4*47 


5-22 


6*96 


6*70 


7*44 


8*19 


8*94 


9*68 


10*43 


11*17 


11*92 


12*66 


13*42 


81 


-82 


8*05 


3*81 


4*58 
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10*96 


11*06 


11-18 


11*31 


11*43 


97 


98 


11-91 


11*48 


11-07 


10-91 


10*76 


10-76 


10*75 


10-80 


10-85 


10*96 


11-06 


11*16 


11-28 


11*40 


11*52 


98 


99 


12*06 
12*21 


11*62 


11-20 


11-03 


10-88 


10-87 


10*86 


10-91 


10-96 


11-06 


11-16 


11-25 


11-37 


11-49 


11*61 


99 


100 


11*76 


11 -.in 


11*16 


11*00 


10*98 


10*96 


11*02 


11-07 


11-16 


11*26 


1135 


11*47 


11*58 


11*70 
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IP 


2 


H 


3 


H 


4 


H 


5 


5i 


6 


6i 


7 


H 


8 


H 


9 


SO 


6-60 


6*81 


7-02 


7-55 


8*07 


8*40 


8*72 


8*99 


9-25 


9*49 


9*72 


9*94 


10*15 


10*36 


10*55 


20 


21 


6*88 


7-10 


7-31 


7*83 


8*34 


8*68 


9-01 


9-28 


9-55 


9*79 


10*03 


10*26 


10*47 


10*69 


10*89 


21 


22 


7-15 


7-39 


7-60 


8*11 


8*61 


8*96 


9*30 


9-57 


9-85 


10*09 


10*33 


10*58 


10-79 


11*02 


11-23 


22 


23 


7-43 


7-68 


7*89 


8*39 


8*88 


9*24 


9-59 


9-86 


10-14 


10*38 


10*64 


10*89 


11-11 


11*35 


11-56 


23 


24 


7-70 


7-96 


8-18 


8*67 


9*15 


9-52 


9*87 


10-15 


10*43 


10*68 


10*94 


11*20 


11*43 


11*68 


11*89 


24 


25 


7-98 


8-24 


8-47 


8-95 


9*42 


9-80 


10*15 


10-44 


10-72 


10*98 


11*25 


11*51 


11*75 


12*01 


12*22 


25 


26 


8*26 


8-52 


8-76 


9-23 


9*69 


10-07 


10-43 


10-73 


11-01 


11-28 


11*55 


11*82 


12*07 


12*33 


12*55 


26 


27 


8-53 


8-80 


9-05 


9-51 


9-96 


10-34 


10*71 


1102 


11-30 


11*58 


11*86 


12*13 


12*39 


12*65 


12*88 


27 


28 


8*81 


9-08 


9-34 


9-78 


10-23 


10*61 


10-99 


11-30 


11-59 


11*87 


12*16 


12*44 


12*71 


12*97 


13-21 


28 


29 


9-09 


9*36 


9-62 


10*05 


10*49 


10*88 


11-27 


11*58 


11-88 


12*17 


12*47 


12*75 


13*03 


13*29 


13-54 


29 


80 


9-37 


9*64 


9-90 


10*32 


10*75 


11*15 


11*55 


11*86 


12*17 


12*47 


12*77 


13*06 


18-35 


13*61 


13*87 


30 


81 


9-56 


9*86 


1014 


10*56 


11*00 


11*40 


11*80 


12*12 


12*44 


12*75 


13*05 


13*35 


13*64 


13*91 


14*17 


81 


82 


9-75 


10-07 


10-38 


10*80 


11*25 


11*65 


12-05 


12*38 


12*71 


13*03 


13*33 


13*64 


13*93 


14*20 


14*46 


32 


83 


9-94 


10-28 


10-62 


11*04 


11*50 


11*90 


12-30 


12*64 


12*98 


13*31 


13*61 


13*93 


14*21 


14*49 


14*76 


33 


84 


10-13 


10-49 


10-86 


11*28 


11*75 


12*15 


12-55 


12*90 


13*25 


13*59 


13*89 


14*21 


14*50 


14*78 


15*05 


34 


35 


10-32 


10-70 


11*10 


11-52 


12*00 


12*40 


12*80 


13*16 


13-52 


13*86 


14*17 


14*49 


14*79 


15*08 


15*34 


85 


36 


10-51 


10*91 


11*33 


11*76 


12*24 


12*65 


13*05 


13*42 


13*79 


1413 


14*45 


14*77 


15*08 


15-37 


15*63 


36 


87 


10-70 


11*12 


11*56 


12*00 


12*48 


12-90 


13-30 


13*68 


14-06 


14-40 


14*73 


15*05 


15-37 


15*66 


15*92 


37 


88 


10-89 


11*33 


11*79 


12*24 


12*72 


13*14 


13*55 


13*94 


14*33 


14*67 


15*01 


15-33 


15-65 


15*95 


16-21 


38 


89 


11-07 


11-54 


12*02 


12*48 


12*96 


13*38 


13*80 


14*20 


14*59 


.14*94 


15*29 


15*61 


15*93 


16*25 


16*50 


39 


40 


11-25 


11*75 


12*25 


12*72 


13*20 


13*62 


14-05 


14*45 


14*85 


15*21 


15*57 


15*90 


16*22 


16*54 


16*79 


40 


41 


11-48 


11*99 


12*48 


12*96 


13*44 


13*84 


14*24 


14*65 


15*06 


15*45 


15*83 


16*18 


16*52 


16-83 


17*08 


41 


42 


11-71 


12*23 


12*72 


13*20 


13*68 


14*06 


14*43 


14*85 


15*27 


15-69 


16*09 


16*46 


16-81 


17*12 


17*37 


42 


43 


11-94 


12*47 


12*95 


13*44 


13*92 


14*28 


14*62 


1505 


15*48 


15*93 


16*35 


16*74 


1711 


17*41 


17-66 


43 


44 


12*17 


12*71 


13*19 


13*68 


14*16 


14*50 


14*81 


15*25 


15*69 


16*17 


16*61 


17*02 


17*40 


17*70 


17*94 


44 


45 


12-40 


12*94 


13*42 


13*92 


14*40 


14-71 


15*00 


15*45 


15*90 


16*41 


16*87 


17*30 


17-70 


17*99 


18*22 


45 


46 


12-63 


13*17 


13*66 


14*16 


14-64 


14*92 


15*19 


15*66 


16*12 


16*65 


17*13 


17*58 


17*99 


18*28 


18*50 


46 


47 


12*86 


13*40 


13*89 


14-40 


14-88 


15-13 


15*38 


15*86 


16*33 


16*88 


17*39 


17*86 


18*29 


18*56 


18*78 


47 


48 


13-10 


13*63 


14-13 


14*63 


15*11 


15-34 


15*57 


16*06 


16*54 


17*11 


17*65 


18*13 


18*58 


18*84 


19*06 


48 


49 


13-33 


13*86 


14-36 


14*86 


15*34 


15*55 


15*76 


16*26 


16*75 


17*34 


17*91 


18-40 


18*88 


19*12 


19*34 


49 


50 


13*57 


14*09 


14-60 


15*09 


15*57 


15*76 


15*95 


16*46 


16-97 


17*57 


18*17 


18-67 


19*17 


19*40 


19*62 


50 


51 


13*78 


14-31 


14*83 


15*33 


15*81 


16*02 


16*25 


16*75 


17*26 


17*84 


18*42 


18-91 


19*41 


19*65 


19*89 


51 


52 


13-99 


14*53 


15*06 


15*57 


16*05 


16*29 


16*55 


17*04 


17-55 


18-11 


18*67 


19-15 


19*64 


19*90 


20*16 


52 


53 


14-20 


14-75 


15*29 


15*81 


16*29 


16*55 


16*84 


17*33 


17*84 


18-38 


18*92 


19*39 


19*87 


20*15 


20*43 


53 


54 


14-41 


14*97 


15*52 


16*04 


16-53 


16*82 


17*13 


17*62 


18*12 


18-65 


19*17 


19*63 


2010 


20*40 


20-70 


54 


65 


14-62 


15-19 


15*75 


16*27 


16-77 


17*08 


17*42 


17*91 


18-40 


18-92 


19*42 


19*87 


20*33 


20*65 


20*97 


55 


56 


14*83 


15-41 


15*98 


16*50 


17-01 


17*35 


17*71 


18*20 


18-68 


19-19 


19*67 


20-11 


20*56 


20*90 


21*23 


56 


57 


15-04 


15-63 


16*21 


16*73 


17-25 


17*61 


1800 


18*48 


18-96 


19-45 


19*92 


20-35 


20-80 


21*15 


21*49 


57 


58 


15-25 


15-84 


16*44 


16*96 


17'49 


17*88 


18*29 


18-77 


19-24 


19-71 


2017 


20-59 


21*03 


21*39 


21*75 


58 


59 


15-45 


16-05 


16*67 


17*19 


17-73 


18*14 


18*58 


19-06 


19-52 


19-97 


20-42 


20-83 


21*26 


21*63 


22*01 


59 


60 


15-65 


16-26 


16*89 


17*42 


17-96 


18*41 


18*87 


19-34 


19-80 


20-24 


20*67 


21*07 


21*49 


21*87 


22*27 


60 


61 


15-92 


16-51 


17*13 


17*65 


18-19 


18*64 


19*11 


19-58 


20-04 


20-48 


20*92 


21*32 


21*74 


22*13 


22*53 


61 


62 


16-19 


16-76 


17*37 


17*88 


18-42 


18*87 


19*35 


19-82 


20*28 


20*72 


21*17 


21*57 


21*99 


22*39 


22*79 


62 


63 


16-46 


17-01 


17*61 


18*11 


18-65 


19*10 


19*59 


20-06 


20*52 


20*96 


21*42 


21*82 


22*24 


22*64 


2305 


63 


64 


16-73 


17-26 


17*84 


18*34 


18-88 


19-33 


19*83 


20-30 


20*76 


21-20 


21*66 


22-07 


22*49 


22*89 


23*31 


64 


65 


17-00 


17-51 


18*07 


18*57 


19*11 


19-56 


20*06 


20-54 


21*00 


21-44 


21*90 


22-32 


22*74 


23*14 


23*56 


65 


66 


17-26 


17-76 


18*30 


18-80 


19*33 


19-79 


20-29 


20-77 


21*24 


21*68 


22*14 


22-57 


22-99 


23*39 


23*81 


66 


67 


17-52 


18*01 


18*53 


19*03 


19*55 


20*02 


20-52 


21-00 


21*47 


21-92 


22*38 


22*82 


23-24 


23*64 


24*06 


67 


68 


17-78 


18-26 


18*76 


19*26 


19*77 


20*25 


20*75 


21*23 


21*71 


22-16 


22*62 


23*06 


23*49 


23*89 


24*31 


68 


69 


18-04 


18-51 


18*99 


19*49 


19*99 


20*48 


20*98 


21*46 


21*94 


22-40 


22*86 


23*30 


23*73 


24*14 


24*56 


69 


70 


18*30 


18-76 


19*22 


19*71 


20*21 


20*71 


21-21 


21-69 


22*18 


22 64 


2310 


23-54 


23-97 


24*39 


24*81 


70 


71 


18*54 


19-00 


19*45 


19-95 


20*45 


20*93 


21*41 


21*91 


22*42 


22-87 


23-33 


23-77 


24-21 


24*63 


25*07 


71 


72 


18-78 


19-24 


19*68 


20*19 


20-69 


21*16 


21*62 


22*13 


22*65 


23-11 


23*57 


24-01 


24*45 


24*88 


25*82 


72 


73 


19*02 


19*48 


19*92 


20*43 


20*93 


21*38 


21*82 


22*35 


22*89 


23-34 


23*81 


24-25 


24*70 


2512 


25*58 


73 


74 


19-26 


19-72 


20*15 


20*67 


21*17 


21*61 


22*03 


22*57 


23*12 


23-58 


24*04 


24-49 


24*94 


25-37 


25*83 


74 


75 


19-50 


19-96 


20-38 


20*91 


21*41 


21*83 


22*23 


22*79 


23*36 


23*81 


24*28 


24*72 


25*18 


25-62 


26*09 


75 


76 


19-74 


•20*19 


20*61 


21*15 


21*65 


22-06 


22*44 


23*01 


23*59 


24*05 


24*51 


24-96 


25*42 


25*87 


26*34 


76 


77 


19-98 


20*42 


20*84 


21*39 


21*90 


22*28 


22*64 


23*23 


23-82 


24*28 


24*75 


25-20 


25-66 


2612 


26*59 


77 


78 


20-21 


20*65 


21*07 


21*63 


22-15 


22*51 


22*85 


23*45 


24*05 


24*52 


24*99 


25*44 


25*90 


26*37 


26*85 


78 


79 


20-44 


20*88 


21*31 


21*87 


22-40 


22*73 


23*05 


23*67 


24*28 


24*75 


25*23 


25*68 


26*14 


26*62 


27*10 


79 


80 


20*67 


21*11 


21*55 


22*10 


22-65 


22*96 


23*26 


23*89 


24*51 


24*99 


25*47 


25*92 


26*39 


26*86 


27*35 


80 


81 


20-91 


21*35 


21*78 


22*33 


22-87 


23-20 


23*52 


24*13 


24-74 


25*22 


25*70 


26*15 


26*63 


27-10 


27*59 


81 


82 


21*15 


21*59 


22*02 


22*56 


23-09 


23*43 


23*77 


24*38 


24-98 


25*46 


25-94 


26*39 


26*87 


27*34 


27*83 


82 


83 


21-40 


21*82 


22*25 


22*79 


23-31 


23*67 


24*02 


24*62 


25*21 


25*69 


26*17 


26*62 


27*11 


27*58 


28*07 


83 


84 


21-64 


22*06 


22*49 


23-02 


23*53 


23-91 


24*28 


24*87 


25*45 


25*93 


26*41 


26*86 


27*35 


27*82 


28*31 


84 


85 


21-89 


22*30 


22*72 


23-25 


23*75 


24*15 


24*54 


25*11 


25*68 


26*16 


26*64 


27*10 


27*59 


28-06 


28*55 


85 


86 


22-13 


22*54 


22*95 


23-48 


23*97 


24*39 


24*80 


25*36 


25*91 


26*39 


26*88 


27*34 


27*83 


28*30 


28*79 


86 


87 


22-37 


22*78 


23*18 


23*70 


24*19 


24*63 


25*06 


25-60 


26*14 


26-62 


27-11 


27*58 


28*07 


28*54 


29*03 


87 


88 


22-61 


23*02 


23*42 


23*92 


24*41 


24*87 


25*32 


25*84 


26*37 


26-85 


27-35 


27*82 


28*31 


28*78 


29*27 


88 


89 


22-85 


23-26 


23*65 


2414 


24*63 


25*11 


25*58 


26*09 


26*60 


27*08 


27*58 


28*06 


28*55 


29*02 


29*51* 


89 


90 


23-09 


23*49 


23*89 


24*36 


24*84 


25*34 


25*84 


26*34 


26*84 


27-32 


27*82 


28*30 


28*79 


29*26 


29*74 


90 


91 


23*33 


23*73 


24*12 


24*59 


25*07 


25*57 


26*07 


26*57 


27*07 


27*56 


28*05 


28*53 


29*03 


29*49 


29*97 


91 


92 


23*57 


23*97 


24-36 


24*82 


25*30 


25*80 


26*30 


26*80 


27*30 


27-79 


28*29 


28*77 


29*26 


29*73 


30*21 


92 


93 


23*81 


24-20 


24*59 


25*05 


25*54 


26*03 


26*53 


27*03 


27*53 


28-03 


28*52 


29*00 


29*50 


29-96 


30*45 


93 


94 


24*05 


24*44 


24-83 


25*28 


25*77 


26*26 


26*76 


27*26 


27*76 


28*26 


28*75 


29*24 


29*73 


30-20 


30-69 


94 


95 


24*29 


24*68 


25*06 


25-52 


26*00 


26*49 


26*99 


27-49 


27*99 


28*49 


28*98 


29*47 


29-97 


30-44 


30*92 


95 


96 


24-53 


24*92 


25*30 


25-76 


26*23 


26*73 


27*22 


27-72 


28*22 


28*72 


29*21 


29*71 


30*20 


30-67 


31*16 


96 


97 


24-77 


25*16 


25-53 


26-00 


26*46 


26*96 


27*45 


27-95 


28*45 


28-95 


29*44 


29-94 


30*43 


30*91 


31*40 


97 


98 


25-01 


25-40 


25*77 


26-24 


26*69 


27*19 


27*68 


28-18 


28-68 


29*18 


29-67 


3017 


30-66 


31*14 


31*64 


98 


99 


25*25 


25-64 


26-01 


26*48 


26*92 


27*42 


27*91 


28-42 


28-91 


29*41 


29-90 


30*40 


30*89 


31*38 


31*88 


99 


100 


25*50 


25-87 


26*25 


26*70 


2716 


27*65 


28*15 


28-65 


29*15 


29*65 


30*15 


30*64 


31*12 


31*61 


32*10 


100 
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2* 
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H 
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5 


H 


6 


6i 


7 


7i 


8 


H 
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MW.S 


so 


8-30 


8-40 


8-51 


3-77 


4*03 


4-20 


4-36 


4*49 


4-68 


4*74 


4*86 


4-97 


5-07 


5*18 


5-27 


20 


81 


8*44 


8*54 


8*65 


3-91 


4*17 


4-34 


4-50 


4*64 


4-77 


4-89 


5*02 


5*13 


5*23 


5*35 


5*44 


21 


82 


8*58 


8*68 


8-80 


4-05 


4*31 


4-48 


4-64 


4*79 


4-92 


5*04 


6*18 


5*89 


5*39 


6*52 


5*61 


28 


83 


3*78 


8-82 


8-94 


4*19 


4*45 


4-62 


4*78 


4*94 


5-07 


5*19 


5*33 


5*45 


5*55 


5*68 


5*78 


23 


84 


3*86 


8-96 


4*09 


4-33 


4*59 


4-76 


4*92 


6*09 


5*22 


5*34 


5-48 


5*61 


571 


5*84 


5*95 


84 
25 


85 


4-00 


4*10 


4*23 


4-47 


472 


4-90 


5*06 


6*83 


5*37 


5*49 


5*63 


577 


5*87 


6*00 


6-12 


86 


414 


4*24 


4*38 


4*61 


4*85 


5*04 


5*20 


5*37 


5*52 


5-64 


5-78 


5*93 


6*03 


6*16 


6-29 


86 


87 . 


4*28 


4*38 


4-52 


4-75 


4*98 


5*18 


5*34 


5*51 


5*66 


6*79 


5*93 


6-08 


6*19 


6*32 


6*45 


87 


88 


4*42 


4*53 


4*66 


4*89 


5*11 


5*31 


5*48 


5*65 


5*80 


5*94 


6*08 


6-23 


6*35 


6*48 


6*61 


88 


89 


4*55 


4*67 


4*80 


5*03 


5*24 


5*44 


5*62 


5*79 


5*94 


6*09 


6*23 


6*88 


6-51 


6*64 


677 


89 


SO 


4*68 


4*82 


4*95 


5*16 


5*37 


5*57 


5*77 


5*93 


6*08 


6*23 


6*38 


6*58 


6-67 


6*80 


6-93 


80 


31 


4*78 


4*92 


5*07 


5*28 


5*50 


5*70 


6*89 


6*06 


6*22 


6*37 


6*52 


6*68 


6-82 


6-95 


7*08 


31 


82 


4*87 


5*03 


5*19 


5*40 


5*63 


5*83 


6*02 


6*19 


6*36 


6*51 


6*66 


6-83 


6*97 


7-10 


7-28 


88 


83 


4*97 


5*13 


5*30 


5-52 


5*76 


6*96 


6*14 


6*32 


6*50 


6*65 


6*80 


6-97 


7*12 


7-25 


7-38 


38 


84 


5*06 


5*24 


5*42 


5*64 


5*88 


6*09 


6*27 


6*45 


6*64 


6*79 


6*94 


7*11 


7*87 


7*40 


7*53 


34 


85 


5*16 


5-34 


5*53 


5*76 


6*00 


6*21 


6*39 


6*58 


6*77 


6*93 


7*08 


7*25 


7-41 


7*55 


7*68 


85 


86 


5*25 


5*45 


5*65 


5*88 


6*12 


6*33 


6*52 


6*71 


6*90 


7*07 


7-22 


7-39 


7-55 


770 


7-88 


86 


87 


5*35 


5*55 


5*76 


6*00 


6*24 


6*45 


6*64 


6*84 


7*03 


7*21 


7*36 


7-53 


7-69 


7*86 


7-97 


87 


88 


5*44 


5-66 


5*88 


6*12 


6*36 


6*57 


6*77 


6*97 


7*16 


7*34 


7-50 


7-67 


7*83 


7*99 


8-11 


38 


89 


5*53 


5*76 


6*00 


6*24 


6*48 


6*69 


6*89 


7*10 


7*29 


7*47 


7*64 


7*81 


7*97 


8*13 


8-25 


89 


40 


5*62 


5*87 


6*12 


6*36 


6*60 


6-81 


7*02 


7*22 


7-42 


7-60 


7*78 


7-95 


8*11 


8*27 


8-39 


40 


41 


6*73 


5*98 


6*23 


6*48 


6*72 


.6-92 


7*12 


7*32 


7*53 


7*72 


7-91 


8*09 


8*26 


8*42 


8-54 


41 


48 


5-85 


6*10 


6*35 


6*60 


6*84 


7-03 


7-21 


7*42 


7-64 


7*84 


8-04 


8-23 


8-41 


8*57 


8-68 


48 


43 


5*96 


6*21 


6*47 


6*72 


6*98 


7*14 


7*31 


7-52 


7-75 


7*96 


8*17 


8*36 


8-56 


878 


8-88 


48 


44 


6*08 


6*33 


6*59 


6*83 


7*08 


7*25 


7*40 


7-63 


7*86 


8*08 


8*30 


8*49 


871 


8-86 


8-96 


44 


46 


6*20 


6*45 


6*71 


6*95 


7*20 


7-36 


7*50 


7-73 


7-97 


8*20 


8*43 


8-63 


8*86 


9-00 


9*10 


45 


46 


6*31 


6*56 


6*83 


7*07 


7*32 


7*47 


7*59 


7-83 


8*08 


8*32 


8*56 


877 


9*01 


9-14 


9-84 


46 


47 


6*43 


6*67 


6*95 


7-19 


7*44 


7*58 


7*69 


7*93 


8*18 


8*44 


8-69 


8*91 


9*16 


9-28 


9*38 


47 


48 


6*54 


6-79 


7*07 


7*31 


7*56 


7*68 


7-78 


8*03 


8**28 


8*56 


8-82 


9-05 


9*30 


9-42 


9-58 


48 


49 


6*66 


6-91 


7-19 


7*42 


7*67 


7*78 


7*88 


8*13 


8*38 


8-67 


8*95 


9*19 


9*44 


9-56 


9-66 


49 


50 


6-78 


7-04 


7*30 


7*54 


7*78 


7*88 


7*97 


8*23 


8*48 


8*78 


9*08 


9*33 


9*58 


970 


9-81 


50 


51 


6*89 


7-15 


7*42 


7*66 


7*90 


8*01 


8*11 


8*37 


8*62 


8*92 


9*21 


9*45 


9*70 


9*83 


9*95 


61 


52 


6*99 


7*26 


7*53 


7*77 


8-02 


8*14 


8*26 


8-52 


8*76 


9*06 


9*34 


9*57 


9*82 


9*96 


10-09 


68 


53 


7*10 


7*37 


7*65 


7*89 


8*14 


8*27 


8-40. 


8-66 


8*90 


9*20 


9*47 


9*69 


9-94 


10-09 


10*88 


68 


54 


7*20 


7*48 


7*76 


8*00 


8*26 


8-40 


8*55 


8-81 


9-05 


9-34 


9-60 


9-81 


10*06 


10-21 


10-35 


64 


55 


7*31 


7*59 


7-88 


8*12 


8*38 


8*53 


8*69 


8*95 


9*19 


9*47 


9*73 


9-98 


10-18 


10*33 


10-48 


66 


56 


7*41 


7*70 


7*99 


8*24 


8*50 


8*66 


8*84 


9*10 


9*33 


9*60 


9*85 


10*05 


10-30 


10*45 


10-61 


66 


57 


7*51 


7*81 


8*10 


8*36 


8-62 


8*79 


8-98 


9*24 


9*47 


9-73 


9*97 


10*17 


10-41 


10*57 


10*74 


67 


58 


7*62 


7*92 


8*21 


8*48 


8-74 


8*92 


9*13 


9*39 


9*61 


9-86 


10*09 


10-29 


10-52 


10^9 


10-87 


68 


59 


7*72 


8*03 


8*32 


8*60 


8*86 


9*05 


9*27 


9*53 


9*75 


9*99 


10*21 


10*41 


10-63 


10*81 


11-00 


69 


60 


7*82 


8-13 


8*44 


8*71 


8*98 


9-20 


9-43 


9-67 


9*90 


10*12 


10*33 


10-53 


1074 


10-93 


11-18 


60 


61 


7*96 


8*26 


8*56 


8-83 


9*10 


9*32 


9*55 


9*79 


10*02 


10-24 


10*46 


10*66 


10*87 


11*06 


11-26 


61 


62 


8*10 


8*39 


8*68 


8*95 


9-22 


9*43 


9*67 


9*91 


10*14 


10*36 


10-59 


1079 


11-00 


11*19 


11-89 


68 


68 


8*24 


8*52 


8-80 


9*07 


9*33 


9*55 


9*79 


1003 


10-26 


10*48 


10*71 


10-92 


11-13 


11*32 


11-58 


68 


64 


8*37 


8*65 


8-92 


9*18 


9*44 


9*66 


9*91 


10*15 


10-38 


10*60 


10*83 


11-05 


11-26 


11*45 


11-65 


64 


65 


8*50 


8*78 


9*04 


9-30 


9*55 


9*78 


10*03 


10*27 


10*50 


10*72 


10*95 


11-17 


11-39 


11*58 


11-78 


66 


66 


8*63 


8*90 


9*16 


9-41 


9*66 


9*89 


10*15 


10*39 


10*62 


10*84 


11-07 


11-29 


11-52 


1171 


11-91 


66 


67 


8-76 


9-02 


9*28 


9-52 


9-77 


10*01 


10*27 


10*51 


10*74 


10*96 


11*19 


1W2 


11*64 


11*83 


12-04 


67 


68 


8*89 


9*14 


9*39 


9*63 


9*88 


10*12 


10*38 


10-62 


10*86 


11*08 


11*31 


11-55 


11*76 


11*95 


12-16 


68 


69 


9*02 


9*26 


9*51 


9*74 


9*99 


10-24 


10*49 


10-73 


10*98 


11*20 


11*43 


11*68 


11*88 


12*07 


12*28 


69 


70 


9*15 


9*38 


9*61 


9*85 


10*10 


10-35 


10-60 


10*84 


11*09 


11*32 


11*55 


11*77 


11*98 


12*19 


12*40 


70 


71 


9*27 


9*50 


9*72 


9*97 


10-23 


10*47 


10*71 


10-95 


11-20 


11*44 


11*66 


11*88 


12*10 


12*31 


12*53 


71 


72 


9*39 


9*62 


9*84 


10*09 


10-35 


10-58 


10*81 


11-06 


11-32 


11*55 


11*77 


12*00 


12*22 


12*43 


12*65 


78 


78 


9*51 


9*74 


9*95 


10-21 


10-47 


10*70 


10*92 


11-17 


11-44 


11*67 


11*89 


12*12 


12*34 


12*56 


12*78 


78 


74 


9*63 


9*86 


10*07 


10*33 


10*59 


10*81 


11*02 


11-28 


11-55 


11-79 


12*01 


12*24 


12*46 


12*68 


12-90 


74 


75 


9*75 


9*98 


10*18 


10*45 


10*71 


10*92 


11*13 


11-39 


11*67 


11-91 


12*13 


12*36 


12*58 


12*80 


13-03 


76 


76 


9*87 


1010 


10*30 


10*57 


10*83 


11*03 


11*23 


11-50 


11*78 


12*02 


12*25 


12-48 


12*70 


12-93 


13*16 


76 


77 


9*99 


10*22 


10-41 


10-69 


10*95 


11*14 


11*33 


11-61 


11*90 


12*14 


12*37 


12-60 


12*82 


13*05 


13*29 


77 


78 


10*11 


10*33 


10*53 


10*81 


11*07 


11*25 


11*43 


11-72 


12*01 


12-25 


12-49 


12*72 


12*94 


13*18 


13-43 


78 


79 


10*22 


10*44 


10*65 


10-93 


11*19 


11*36 


11*53 


11-88 


12*13 


12*37 


12*61 


12*84 


13*06 


13*30 


13*55 


79 


80 


10*33 


10*55 


10*77 


11*05 


11*32 


11*48 


11*63 


11-94 


12*25 


12*49 


12*73 


12*96 


13*19 


13*43 


13*67 


80 


81 


10*45 


10*66 


10*89 


11*15 


11*43 


11*60 


11*76 


12*06 


12*36 


12*61 


12-85 


18*08 


13*31 


13*55 


1379 


81 


82 


10*57 


10*78 


11*00 


11*27 


11*54 


11*72 


11*89 


12*19 


12*48 


12*72 


12*96 


13*20 


13*43 


13*67 


13*91 


88 


88 


10-69 


10*90 


11*12 


11*38 


11-65 


11*84 


12*02 


12*31 


12*60 


12*84 


13*08 


13*32 


13*55 


1379 


14-03 


88 


84 


10-81 


11*02 


11*24 


11*50 


11-76 


11-96 


12*15 


12*44 


12*71 


12*96 


13*20 


13*44 


13*67 


13*91 


14*15 


84 


85 


10*93 


11*14 


11*35 


11*61 


11*87 


12*08 


12*28 


12*56 


12*83 


13*07 


13*32 


13*56 


1379 


14*03 


14*87 


86 


86 


11*05 


11*26 


11*47 


11-72 


11*98 


12*20 


12-41 


12*68 


12*94 


13*19 


13*44 


13*68 


13*91 


1415 


14*39 


86 


87 


11*17 


11*38 


11*59 


11*83 


12-09 


12*32 


12*54 


12*80 


13*06 


13*30 


13*56 


1379 


14*03 


14*27 


14*51 


87 


88 


11-29 


11*50 


11*70 


11*95 


12*20 


12*44 


12*67 


12*92 


13*17 


13*42 


13*68 


13-91 


14*15 


14*39 


14-63 


88 


89 


11*41 


11*62 


11*82 


12-06 


12*31 


12*56 


12*80 


13*04 


13*29 


13*53 


13*80 


14-03 


14*27 


14*51 


1475 


89 


90 


11*54 


11*74 


11*94 


12-18 


12*42 


12*67 


12*92 


13-17 


13*42 


13*66 


13*91 


14*15 


14*39 


14*63 


14-87 


90 


91 


11-66 


11-85 


12-06 


12*30 


12*53 


12*79 


13*03 


13*29 


13*54 


13*78 


14*03 


14*27 


14-51 


14*74 


14*98 


91 


92 


11*78 


11*97 


12*18 


12*41 


12*65 


12*90 


1315 


13*40 


13*65 


13*90 


14*14 


14*38 


14*62 


14*86 


15*10 


98 


93 


11-90 


12*09 


12*30 


12*53 


12*76 


13*02 


13*26 


13-52 


13*77 


14*01 


14*26 


14-50 


1474 


14-98 


15*88 


98 


94 


18*02 


12*21 


12*42 


12*64 


12*88 


13*13 


13*38 


13*63 


13-88 


14*12 


14*37 


14*68 


14*85 


15*09 


15*34 


94 


95 


12*14 


12*33 


12*54 


12*76 


12*99 


13*25 


13*49 


13*75 


14*00 


14*24 


14-49 


14*74 


14*97 


15*21 


15-56 


95 


96 


12*26 


12*45 


12*66 


12*87 


13*11 


13*36 


13*61 


13*86 


14*11 


14-36 


14*61 


14*86 


15*09 


15*33 


15*68 


96 


97 


12*38 


12*57 


12*78 


12*99 


13*22 


13*48 


13-72 


13*98 


14-23 


14*47 


14*72 


14*97 


15*21 


15*45 


15*80 


97 


98 


12*50 


12*69 


12*90 


13*10 


13-34 


13*59 


13*84 


14*09 


14*34 


14*58 


14*84 


15*09 


15*33 


15*57 


15*98 


98 


99 


12*62 


12*81 


13*01 


13*22 


13*45 


13*71 


13*95 


14*81 


14*46 


14*70 


14*95 


15*80 


15*45 


15-69 


16-04 


99 


100 


12*75 


12*93 


13*12 


13*35 


13*58 


13*82 


14*07 


14-38 


14*57 


14*82 


15-07 


15-38 


15*56 


15*80 


16-05 


100 



& 
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1^' 


Lakd BMOim. Dijrmeter of Fly.Wheel Shaft, when of Catt Iron, In Indiflt. 




2 


2* 


d 


H 


4 


4* 


6 


H 


6 


6J 


7 


7i 


8 


H 


9 


SI 


5-29 


5*67 


6*02 


6-31 


6*62 


6-87 


7*14 


7*36 


7*59 


7-79 


7-99 


8-17 


8*35 


8*50 


8*69 


81 


29 


5-45 


5*81 


6-20 


6-50 


6*82 


7*08 


7-36 


7*59 


7*82 


8-03 


8-23 


8*42 


8-61 


8*75 


8-96 


88 


S3 


5-61 


5-95 


6-88 


6-69 


7*02 


7*29 


7-58 


7*82 


8*05 


8-27 


8*47 


8*67 


8*87 


9*01 


9*23 


88 


S4 


5-78 


6*09 


6*56 


6-88 


7*22 


7-50 


7-80 


8*05 


8*28 


8-61 


8-71 


8*92 


9*12 


9*27 


9*49 


84 


85 


5-94 


6-23 


6*74 


7*07 


7*42 


7-71 


8-02 


8-27 


8*51 


8-75 


8-95 


9-16 


9*87 


9*53 


9*75 


85 


S6 


6*11 


6-37 


6-92 


7-26 


7*62 


7-92 


8-28 


8*49 


8-74 


8-98 


9-19 


9*40 


9-62 


9*78 


10*01 


86 


S7 


6-27 


6-51 


7-10 


7-45 


7*82 


8-18 


8-44 


8-71 


8-97 


9-21 


9-43 


9*64 


9-87 


10*04 


10*27 


87 


S8 


6-44 


C-65 


7-28 


7-64 


8-02 


8-84 


8-65 


8*93 


9-20 


9-44 


9-67 


9*88 


10*12 


10*29 


10*53 


88 


S9 


6-60 


6-79 


7-46 


7*83 


8-22 


8-55 


8-86 


9*15 


9*43 


9*67 


9-91 


10*12 


10*87 


10*55 


10*79 


89 


80 


6-77 


7*09 


7-65 


8-02 


8-42 


8-74 


9-07 


9-86 


9-65 


9*90 


10-15 


10*87 


10-61 


10*81 


11-04 


30 


31 


6-91 


7*25 


7*81 


819 


8*60 


8*93 


9-26 


9-56 


9*86 


10*11 


10-87 


10-59 


10-84 


11-04 


U-28 


31 


39 


7-05 


7*41 


7*97 


8*86 


8*78 


9-12 


9-45 


9-76 


10*07 


10-32 


10*59 


10-81 


11-07 


11*27 


11-52 


38 


33 


7-19 


7*57 


8*13 


8-53 


8*96 


9-81 


9-64 


9*96 


10*28 


10-53 


10-81 


11-03 


11-30 


11*50 


11*76 


33 


34 


7-33 


7*73 


8*29 


8*70 


9-14 


9-50 


9*83 


10-16 


10*49 


10*74 


11-03 


11-25 


11*53 


11-73 


11*99 


34 


39 


7-47 


7*89 


8-45 


8*87 


9*32 


9-69 


10-02 


10-36 


10*69 


10-95 


11-24 


11-47 


11*76 


11-96 


12*22 


35 


36 


7*61 


8-05 


8*61 


9-04 


9-50 


9-87 


10-21 


10-56 


10*89 


11*16 


11-45 


11-69 


11*98 


12-19 


12*45 


36 


37 


7-75 


8-21 


8*77 . 


9-21 


9-68 


10-05 


10-40 


10-76 


11*09 


11*87 


11-66 


11-91 


12*20 


12-42 


12*68 


37 


38 


7-89 


8-37 


8*98 


9-38 


9-86 


10-28 


10-59 


10-96 


11-29 


11*58 


11-87 


12-18 


12*43 


12-65 


12*91 


38 


39 


8-04 


8-54 


9-09 


9-55 


10-08 


10-41 


10-79 


11-15 


11-49 


11*79 


12-08 


12*35 


12-66 


12-88 


13-14 


39 


40 


8*19 


8-72 


. 9-27 


9-72 


10-20 


10-59 


10-99 


11-34 


11-69 


11-99 


12-29 


12-56 


12*86 


13-11 


13-37 


40 


41 


8-30 


8*86 


9-41 


9-88 


10-87 


10-76 


U-18 


11-52 


11-88 


12*19 


14-49 


12-77 


13*07 


13-32 


13-59 


41 


48 


8-41 


9-00 


9-56 


10-04 


10-53 


10-98 


11-86 


11-70 


1207 


12-88 


14-69 


12-98 


13-28 


13-53 


13-81 


42 


43 


8*53 


9*14 


9-71 


10-20 


10-69 


11-10 


11-54 


11*88 


12-26 


12*57 


14-89 


13-19 


13-49 


13-74 


14-03 


43 


44 


8-63 


9-28 


9*86 


10-86 


10-85 


11-27 


11-72 


12*06 


12-45 


12*76 


15-09 


13*39 


13*70 


13 95 


14-25 


44 


45 


8*75 


9*42 


10-01 


10-52 


11-01 


11-44 


11-90 


12*24 


12*64 


12-95 


15-29 


13-59 


13-91 


14*16 


14-46 


45 


43 


8*87 


9-56 


10-16 


10-67 


11-17 


11-61 


12-07 


12*42 


12*88 


18-14 


15-49 


13-79 


14-12 


14*37 


14*67 


46 


47 


8-99 


9-70 


10-81 


10-82 


11-83 


11-78 
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392-39 


33813 


299-59 


970-19 


247-17 


29S-5B 


913-01 


199-87 


188-72 


178-81 


170-23 


169-56 


155-71 


149-55 


143-93 


66 


67 


404-53 


348-60 


308-86 


978-55 


954-82 


235-65 


919-61 


206-06 


194-56 


184-34 


176-60 


167-59 


160-53 


154-18 


148-38 


67 


ea 


416-67 


359-07 


318-13 


986-91 


962-47 


249-72 


226-20 


912-95 


200-40 




180-77 


172-63 




158-81 


159-83 


68 


69 


428-Sl 




327-30 


295-27 


270-12 


249-80 


239-79 


918-44 


206-25 


195-41 


186-04 


177-65 


170-17 




157-28 


69 


70 


440-97 




336-70 


303-66 


277-79 


256-90 


239-40 


294-63 


212-10 




191-31 


1B9-70 


175-00 




161-77 


70 


71 


454-93 


391-26 


346-67 


312-64 


286 00 


264-50 




931-27 


918-37 


306-92 


196-97 


18B-10 


180-17 


173-04 


166-56 


71 


7a 


468-89 


402-50 


356-64 


321-62 


294-31 


272-10 


253-68 


937-91 


224-64 


212-87 


909-69 


193-50 


185-34 


178-01 


171-35 


73 


73 


482-85 


413-74 


366-61 


330-60 


302-49 


279-71 


960-67 


244-55 


230-91 


918-89 


908-37 


198-90 


190-51 


182-98 


176-14 


73 


74 


496-81 


424-98 


376-58 


339-58 


310-64 


287-32 


267-76 


25M9 


237-18 


394'77 


213-99 


21)4-30 


195-68 


187-95 


180-93 


74 


rs 


506-16 


436-S3 


386-55 




318-87 


994-93 


274-86 


957-85 


243-46 


230-76 


219-80 


909-70 


200-88 


192-96 


185-76 


75 


76 


520-12 


448-24 


397-2* 


358-18 


327-67 


503-04 


982-11 




260-15 




925-66 


215-47 


906-13 






76 


77 


534-09 


4B0-9S 


407-93 


367 79 


336-47 


311-lS 








243-48 


931-73 


321-21 


211-98 


203-58 


196-00 


77 


78 


548-04 


472-26 


418-62 


377-40 


345-27 


319-96 


297-51 


27919 


263-55 


919-84 


237-r8 


227-01 


317-53 


208-89 


901-12 


78 


79 


ssa-oi 


484-27 


429-31 


387-01 


354-08 


397-37 


305-07 


286-30 


270-96 


256-20 




939-78 


2-J3-08 


214-20 


906-24 


79 


SO 


576-00 


4^6-32 


440-00 


396-64 




335-53 


319-64 


293-44 


276-96 


263-56 


349-93 


338-56 


228-61 


219-59 


21136 


80 


81 


590-B4 


r>0911 


451-29 


406-86 


373-22 


344-17 


390-71 


300-99 


284-11 


369-31 


266-35 






225-98 


316-79 


81 


83 


605-68 


521-90 


462-58 


417-08 


381-56 


359-89 


398-78 


308-54 


991-36 


276-06 


362-78 


230-88 






222-22 


83 


33 


630-53 




473-87 


437-30 


390-90 


361-47 


336-85 








369-91 


957-04 


246-28 


938-90 


227-65 


83 


84 




547-48 




437-5-3 


400-24 


370-13 


344-92 


323-64 


305-57 


289-66 


375-64 


963-90 


952-16 


245-36 


233-08 


84 


85 




560-31 


49646 


447-74 


409-61 


378-80 


352-99 


331-21 


319-74 


296-33 


982-08 


269-39 


258-04 


247-82 


238-33 


85 


36 


66S-9S 


573-90 


508-48 


458-57 




387-97 


361-64 


339-93 


390-32 


303-50 


288-91 


97.V99 


964-28 


253-82 


244-30 


86 


87 


681-69 


587-49 


520-50 


469-40 


429-45 


397-14 


370-09 


347-95 


327-90 


31 0-07 




282-45 


270-52 


259-82 


250-07 


87 


8S 


697-43 


601-08 


533-52 


480-23 


439-37 


406-31 


378-64 


355-27 


335-48 


317-84 


309-57 


288-98 




265-83 


955-84 


88 


69 


713-17 


614-67 




491-07 


449-99 


415-48 


887-15 


363-99 


343-06 




ao3-4t) 


995-51 


SB 3 -00 


271-83 


961-61 




90 


728-91 






50193 


459-93 


484-67 










316-96 


302-04 


389-36 


977-83 


267-39 




91 


745-57 






513-40 


469-70 


434-37 


404-77 




358-64 




393 




308-93 


395-87 




273-60 


91 


91 


763-23 




581-99 


524-B7 


480-18 


444-07 


413-BO 


388-28 




348-17 


330 




315-83 


303-48 


290-51 


279-61 


93 


93 


7:8-89 


671-28 


594-69 


536-34 




453-77 


492-84 


396-7S 


374-64 


356-16 


337 




332-71 


309-09 


996-85 


385-72 


93 


94 


795-55 


B8.V61 


607-40 


547-81 


501-14 


463-47 


431-87 


405-93 


382-65 


361-15 


345 






315-70 


303-19 


291-83 


94 


95 


812-25 


699-94 


690-15 


559-99 




473-17 


440T)3 


413-73 


390-65 


372-15 








322-32 


309-66 


297-95 


96 


99 


829-78 


715-06 


633-.16 


571-37 




483-39 


450-45 


422-67 


399-08 


379-75 


359 


97 




3-29-38 


316-34 


3IM-39 


96 


97 


847-31 


730-18 


646-97 






493-61 


459-97 


431-61 


407-51 


387-35 


367 


58 










»7 


98 


B64-84 


745-30 




595-53 


544 80 


503-83 


460-49 


440-55 


415-94 




375 


19 


368-28 






317-27 


98 


99 


882-37 


760-42 




607-61 


555-35 


514-05 


479-01 








389-80 


365-54 


350-16 






99 


100 


fl99-9i' 


77.VS6 


6S7-20 


6!9-;2 


566 92 


524-28 


488-56 


458-44 


432-84 


410-16 


390-44 


379-84 


367-16 


343-00 


330-16 


100 
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TABLE B. 

( to the length of Stroke and the 
and mean Diameter of Flj Wheel 


















1^ 


RcLi.— Multtplj the Number riren In Table A correepondlDi 
her in Table B corresponding to the length of the Stroke 
in Square Inches. 


Diameter of the Cylinder of the gi'en Engine, by the Num- 
: the Product li the Sectional Area of the Rim of Flj Wheel 




{ 


2 


^ 


3 


H 


4 


4i 


6 


5i 


6 


6i 


7 


n 


8 


H 


9 




©•5 


2744 


5309 


9261 


14706 


21952 


31256 


42475 


57067 


74088 


94196 


117649 


143353 


175666 


210645 


250047 


0-5 




1 


343 


664 


1158 


1713 


2744 


3907 


5309 


7133 


9261 


11774 


14706 


17919 


21958 


26331 


31256 


1 




1-5 


102 


197 


343 


545 


813 


1158 


1573 


2114 


2744 


3489 


4357 


5309 


6506 


7802 


9261 


1^5 




2 


43 


83 


145 


214 


343 


488 


664 


892 


1158 


1472 


1838 


2240 


2745 


3291 


3907 


2 




2-5 


22 


42 


74 


118 


176 


250 


340 


457 


593 


754 


941 


1147 


1405 


1685 


2000 


25 




3 


12 


25 


43 


68 


102 


145 


199 


264 


343 


436 


545 


670 


813 


975 


1161 


3 




$•5 


8 


16 


27 


43 


64 


91 


125 


166 


216 


275 


343 


422 


512 


614 


729 


35 




4 


5 


10 


18 


27 


43 


61 


83 


111 


145 


184 


230 


280 


343 


411 


488 


4 




4-5 


3-44 


7-30 


12-70 


20-19 


30^11 


42^89 


58^26 


78-30 


101-63 


119^22 


161-34 


196^63 


240-96 


288-96 


343 


4^5 




6 


2-75 


5-25 


9-25 


14-75 


22-00 


31^25 


42-50 


5712 


74-12 


94-25 


117-60 


143-40 


175-60 


210-60 


250 


5 




5^5 


2-06 


4-03 


6-96 


11-05 


16*49 


23^49 


32^2 1 


42-87 


55-65 


70-77 


88-39 


108-70 


131-90 


158*26 


187^90 


5-5 




6 


*l-50 


3-12 


5-37 


8-50 


12-75 


18-12 


24-87 


3300 


42-87 


54-50 


68-12 


83-75 


101-62 


121-87 


145-12 


6 




6-5 


1-30 


2^53 


4-30 


6*89 


10-32 


14-68 


20-23 


26-80 


34^86 


44-40 


55-46 


68-22 


82-80 


99-28 


118-09 


6*5 




7 


1-00 


2^00 


3-37 


5-37 


8-00 


11-37 


15-62 


20-75 


27^00 


34^37 


42-87 


52-75 


6400 


76-75 


91-12 


7 




7'5 


•81 


1-62 


281 


4-32 


6-64 


9-44 


12-94 


17-30 


22-50 


28-63 


35-80 


43-86 


53-40 


64-00 


76-02 


7*5 




8 


-62 


1^25 


2-25 


3-37 


5^37 


7-62 


10-37 


13-87 


18-12 


23-00 


28^75 


3500 


42-87 


61-37 


61-00 


8 




8^5 


•53 


106 


1-92 


2-90 


4^39 


6-45 


8-83 


11-82 


15-36 


19-49 


24^43 


29-63 


36-33 


43-69 


51-59 


8*5 




9 


•44 


•89 


1-59 


2-52 


3-44 


5^37 


7-37 


9-78 


12-70 


16-15 


20^19 


24^81 


30-11 


36-11 


43-00 


9 




9-5 


•38 


•76 


1-32 


2^12 


3*08 


4*40 


6-00 


8-02 


10-41 


13-24 


16-53 


19^34 


24-67 


29-58 


3517 


9^5 




10 


•34 


•66 


1-16 


r84 


2*75 


3-91 


5-31 


7-14 


9*26 


11-78 


14-70 


17^05 


21-95 


26-32 


3125 


10 




10-5 


•296 


•593 


1-00 


1-59 


2^37 


3-37 


4-63 


6-15 


800 


10-19 


12-70 


15^63 


18-96 


22-74 


28*78 


10^5 




11 


•258 


•504 


•870 


1-38 


206 


2-94 


4-03 


5-36 


6*96 


8-85 


11-05 


13^59 


16-50 


19-78 


26^32 


11 1 


irs 


•208 


•429 


•738 


117 


1-75 


2-49 


3-41 


4-53 


5-89 


7-49 


9-36 


11^51 


14-00 


16-75 


23^86 


11^5 




IS 


•188 


•391 


•672 


1*06 


1-59 


2-26 


3-11 


412 


5-36 


6^81 


8-51 


10-47 


13-70 


15-23 


21-40 


12 




12-5 


•167 


•350 


•604 


•86 


1-44 


2-03 


2-76 


3-72 


4-82 


6-02 


7-66 


9-40 


11^44 


13^72 


18-94 


12^5 




13 


•147 


•310 


•537 


•75 


1-28 


1-81 


2-42 


3-31 


4-29 


5-22 


6*82 


8-34 


10-18 


12^21 


16*48 


13 




13-5 


•127 


•270 


•470 


•748 


1-12 


r59 


2-08 


2-90 


3-76 


4-42 


5-98 


7^28 


8-92 


10^70 


1402 


13-5 




14 


•118 


•233 


•427 


•680 


1^02 


1-44 


1-91 


2-64 


3-42 


4-11 


5-44 


6-63 


8-12 


9^73 


11-56 


14 




14-5 


•110 


•197 


•385 


•613 


•91 


1-30 


1-74 


2-38 


3-08 


3-80 


4-90 


5-97 


7^31 


8-76 


10-41 


14-5 




15 


•102 


•161 


•343 


•546 


•815 


1-16 


1-57 


2^12 


2-74 


3-49 


4-36 


5-31 


6-50 


7-80 


9-26 


15 




15-5 


•085 


•158 


•302 


•463 


•719 


1-02 


1-39 


1-86 


2^42 


3-18 


3-85 


4-69 


5^74 


6^86 


8-17 


15^5 




16 


•077 


•156 


•281 


•421 


•671 


•952 


1-30 


1-73 


2-26 


2-87 


3-59 


4-38 


5^36 


6-42 


7-62 


16 




16-5 


•072 


•149 


•258 


•409 


•611 


•870 


119 


1-59 


2^06 


2-62 


3-27 


4^03 


4^89 


5-86 


6^96 


16^5 




17 


•068 


•135 


•230 


•366 


•545 


•775 


1-06 


1-42 


1-84 


2-34 


2-92 


3-60 


4^36 


5^23 


6^21 


17 




17-5 


•064 


•128 


•216 


•344 


•512 


•728 


100 


1-33 


1-73 


2-20 


2-74 


3-38 


4^10 


4^91 


5^83 


17-6 




18 


•059 


•118 


•201 


•322 


•480 


•678 


-94 


1-25 


1-60 


2-07 


2-56 


3-13 


3*82 


457 


5^43 


18 




18^5 


•055 


•109 


•187 


•299 


•446 


•631 


•87 


1-16 


1-49 


1-92 


2-38 


2-88 


3-55 


4-25 


5^05 


18^5 




19 


•050 


•100 


•173 


•276 


•412 


•584 


•80 


1-07 


1-38 


1-77 


2-20 


2-63 


3-28 


3-93 


4^67 


19 




19-5 


•046 


•091 


•159 


•2r)3 


•378 


•537 


•73 


-98 


1-27 


1-62 


2-02 


2-38 


301 


3-61 


4-29 


19^5 




20 


•042 


082 


•145 


•230 


•344 


•490 


•664 


•892 


1-16 


1-47 


1*84 


2-13 


2-74 


3-29 


3-91 


20 




20*5 


•040 


•077 


•137 


-217 


•325 


•465 


•628 


•844 


1-09 


1-40 


1-55 


2-03 


2-57 


309 


3-70 


20*5 




21 


•038 


•073 


•130 


-205 


•307 


•439 


•594 


•797 


103 


1-33 


1-48 


1-93 


2-43 


2-92 


3-50 


21 




21-5 


•035 


•069 


•122 


•193 


•289 


•413 


•560 


•750 


0-97 


1-25 


1-41 


1-82 


2-29 


2^75 


3-30 


21*5 




2ii 


•032 


•065 


•114 


•181 


•271 


•387 


•526 


•703 


•091 


1.17 


1-34 


1-72 


215 


2^58 


3-09 


22 




22*5 


■030 


•061 


•106 


•169 


•2r)3 


•361 


•492 


•656 


•085 


109 


1-27 


1-62 


2-01 


241 


2^89 


22*5 




2S 


-028 


•057 


•099 


•157 


•235 


•335 


•458 


•609 


•079 


1-01 


1-20 


1-51 


r87 


2^24 


2-68 


23 




23*5 


•025 


•053 


•091 


•144 


•217 


•309 


•424 


•562 


•073 


-93 


1-13 


1-41 


I'lZ 


2-07 


2-47 


23*5 




24 


-023 


•049 


•084 


•132 


•199 


•283 


•390 


•515 


•067 


•851 


106 


1-31 


1-59 


1^90 


2-27 


24 




24-5 


•022 


tH5 


•077 


•123 


•184 


•260 


•357 


•477 


•62 


•787 


-98 


1-21 


1-47 


r76 


2-10 


24*5 




25 


•022 


•042 


•074 


•118 


•176 


•250 


•340 


•457 


•593 


•754 


•941 


115 


1-40 


1-68 


2-00 


25 




25-9 


•020 


•040 


•069 


•112 


•167 


•236 


•322 


•435 


•483 


-715 


•893 


1-09 


1-33 


1-59 


1-90 


25-5 




26 


•019 


•038 


•065 


•106 


•158 


•2-24 


•306 


•412 


•473 


•677 


•846 


1-03 


1-26 


1-51 


1-80 


26 




26-5 


•018 


•036 


•062 


•100 


•149 


•212 


•290 


•389 


•463 


•640 


•799 


•974 


119 


1-43 


1-70 


26-5 




27 


•017 


•034 


•059 


•094 


-140 


•200 


574 


•366 


•454 


•603 


•753 


•921 


112 


1-35 


1-60 


27 




27-5 


•016 


•032 


•056 


•088 


•132 


•188 


•258 


•343 


•445 


•566 


•707 


•870 


1-05 


1-27 


1-50 


27-5 




28 


•015 


•030 


•051 


•084 


•126 


•178 


•246 


•327 


•425 


•540 


•673 


•834 


•998 


1-21 


1-42 


28 




28-5 


•014 


•029 


•048 


•080 


•120 


•169 


•234 


•311 


•404 


•514 


•641 


•801 


•940 


1-15 


1-35 


28-5 




29 


•013 


•027 


•046 


•076 


•114 


•161 


•222 


•295 


•384 


•488 


-609 


•768 


•899 


1-09 


1*28 


29 




29-5 


•012 


•026 


•044 


•072 


•108 


•153 


•210 


•279 


-363 


•462 


•577 


•735 


•856 


1-03 


1*22 


29-5 




30 


•012 


•025 


•043 


•068 


•102 


•145 


•199 


•264 


•343 


•436 


•545 


•702 


•813 


•975 


ri6 


30 




30-5 


•Oil 


•023 


•040 


•064 


•097 


•138 


•189 


•253 


•322 


•417 


•521 


•664 


•777 


•931 


MO 


30*5 




31 


•Oil 


•021 


•037 


-060 


•092 


•131 


•179 


•242 


•301 


•398 


•497 


•626 


•741 


•887 


1*05 


31 




31-5 


•010 


•020 


•034 


•056 


•088 


•125 


•169 


•231 


•280 


•379 


•473 


•588 


•705 


•843 


•998 


31-5 




32 


•010 


•019 


•032 


•053 


•084 


•119 


•160 


•220 


•260 


•360 


•450 


•550 


•670 


•800 


*950 


32 




32*5 


•010 


•019 


•031 


•052 


•082 


•116 


•155 


•210 


•250 


•350 


•420 


•530 


•660 


•780 


•920 


32-5 




33 


•010 


•018 


•031 


•051 


•080 


•113 


•150 


•210 


•250 


•340 


•430 


•520 


•650 


•770 


•900 


33 




33*9 


•009 


•018 


•030 


•049 


-076 


•108 


•140 


•190 


•240 


•330 


•410 


•490 


•620 


•730 


•860 


33-5 




34 


•009 


•017 


•029 


•047 


-072 


•102 


•140 


•180 


•230 


•310 


•380 


•470 


•590 


•690 


•820 


34 




34-9 


•009 


•017 


•028 


•045 


•068 


•096 


•130 


•170 


•220 


•290 


•360 


•440 


•560 


•650 


•770 


34^5 




35 


•008 


•016 


•027 


•043 


•064 


•091 


•125 


•166 


•216 


•275 


•343 


•422 


•544 


•614 


•729 


35 




35-5 


-008 


•015 


•025 


•041 


•062 


•088 


•119 


•160 


•209 


•266 


•332 


•405 


•525 


•593 


•705 


35^5 




36 


•007 


•015 


•023 


•040 


•060 


•085 


•113 


•156 


•202 


•257 


•319 


•390 


•505 


•573 


•680 


36 




36-5 


•007 


•014 


•022 


•039 


•058 


•082 


•107 


•150 


•195 


-248 


•307 


•374 


•485 


•553 


•655 


36-5 




37 


•007 


•014 


•021 


•038 


•056 


•079 


•103 


•145 


•188 


•239 


•296 


•359 


•465 


•533 


•630 


37 




37-5 


•006 


•013 


•020 


•037 


•054 


•076 


•099 


•139 


•181 


•230 


•285 


•343 


•444 


•512 


•605 


37-5 




38 


•006 


•012 


•020 


•036 


•051 


•073 


•096 


•134 


•173 


•221 


•274 


•328 


•424 


•492 


•580 


38 




38-5 


•006 


•012 


•019 


•034 


•049 


•070 


•093 


•128 


•166 


•211 


•263 


•312 


•403 


•472 


•555 


38-5 




89 


•005 


•Oil 


•018 


•a33 


•047 


•065 


•089 


•123 


•159 


•202 


•252 


•297 


•382 


•451 


•530 


39 




89-5 


•005 


•010 


•017 


•032 


•045 


•064 


•086 


•117 


•152 


•19d 


•241 


•281 


•362 


•431 


•505 


39-5 


•005 


010 


•016 


•Ml 


•043 


•061 


•083 


•112 


•145 


•184 


•230 


•266 


•342 


•411 


•480 


40 








I 



i 



B B 



IM 



JEsgplanaHan o/Ae Tables. 



CHAPTER VI. 



EXPLANATION OF THE TABLES. 



Hatdto giTen these exteniiTe tablet, we now proceed to explain their lue, 
to mention the formula from which they are deriyed, and to apply them to 
a particular example. The particular example which we shall select is 
that of an engine hayingS feet stroke and 64 mch cylinder. 

TahU at page 125. — This is a table for giving the breadth of the web of 
the crank at paddle centre ; that is to say, the breadth which the web would 
hare if it were continued to the paddle centre. Suppose that we wished 
the breadth of the web of crank of an engine whose stroke is 8 feet and 
diameter of cylinder 64 inches. Under the column marked 8, and in a line 
with 64, there stands the number 17*99. Hence, according to the table, 
the proper breadth of the web of crank at paddle centre would be about 18 
inches. 

This table is calculated from the following rule, which fpres the proper 
breadth for an engine haying any length of stroke and diameter of cylinder. 

Rule. — To find the frreadth qf crank at paddle centre. Multiply the 
square of the length of the crcmk in inches by 1*561, and then multiply the 
square of the diameter of cylinder m inches by *12S5 ; multiply the square 
root of the sum of Aese products by Ae square of Ae diameter of Ae 
cylinder in inches; divide the product hy 45 ; finaJuy extract Ae cube root 
of Ae quotient Tike result is the breadth of the web qf crank at paddle 
centre. 

Thus to apply this rule to the particular example which we have selected, 
we have 

48 —length of crank in inches. 
48 

2304 

1*561 c-constant multiplier. 



8596*5 
505*8 

4102*3 



64 
64 



diameter of cylinder 



4096 

•1235 "- constant multiplier. 

505*8 



and v'4102*3 » 64*05 nearly. 

4096 a square of the diameter of the cylinder. 

45 ) 262348*5 

5829*97 



and ^5829*97 » 18 nearly. 

TaNe at page 126. — This is a table for giving the proper thickness of 
the Uirge eye of crank in inches. Suppose that we wished the proper 
thickness of the large eye of crank for an engine whose stroke is 8 feet 
and diameter of cylinder 64 inches. Under the column marked 8 and in a 
line with 64, there stands the number 5*77. Hence, according to the table, 
the proper thickness for the large eye of crank is about 5] inches. 

This table is calculated from the following rule, which gives the proper 
thickness of eye for engines of any length of stroke and diameter of 
cylinder. 

Rule.— To find the Aickness ofhrae eye of crank. Multiply Ae square of 
the lengA of Ae crank in inches by 1*561, and Aen multiply the square qf 
Ae diameter of the cylinder in inches by *1235 ; multiply the sum of Aese 
products by the square qf the diameter of the cylinder in inches ; ({fterufords, 



divide the product by 1828*28 ; divide Ais quotient by the letwA ofAe cramk 
in inches ; finalfy extract the cube root of the quotient Tne result is tks 
proper Aickness qfthe large eye of crank in inches. 

ThuB to apply this rule to the panicular example which we have seleetedf 
we have 

48 —length of crank in inches. 
48 

2304 

1*561 — constant multiplier. 

3596*5 
505*8 

4102*3 

64 —diameter of cylinder in inchei. 
64 

4096 

*1235 —constant multiplier. 



505*8 



4102*3 
4096 -square of diameter. 



48 ) 16803020*8 

1828*28 ) 350062*94 
191*47 



and y 191*47 -5*77 nearly. 

TaUe in page 127. — This is a table for giving the poper thicknets of 
the web of crank at paddle shaft centre ; that is to say, the thickness whidi 
the web ought to have if continued to centre of the shaft. Suppoae that 
it were required to find the proper thickness of web of crank at shaft centre 
for an engine whose stroke is 8 feet and diameter of cylinder 64 inches. 
Under the column marked 8, and in a line with 64, there stands the nnmbor 
8*97. Hence, according to the rule, the proper thickness of the web at 
shaft centre would be about 9 inches. 

This table is calculated frvmi the following rule, which gives the proper 
thickness for all sizes of engines. 

'RvLE.^To find the thickness of the wd> of crank at paddle shaft centre. Mul- 
trnfy the square of the lengA of crank in inches bu 1*561, and then mmk^ 
Ae square qfthe diameter in inches by *1235 ; muUqffy the sauare root qftks 
sum of these products by the square of the diameter of the cylinder in inches; 
divide Ais quotient by 360 ; finally extract the cube root qf Ae qmoHenL 
The result is Ae thickness ^ the wd> of crank at paddle Aejt on^vm 
inches. 
Thus to apply the rule to the particular example which we have idected, 

we have 

48 — length of crank in inches. 

48 

2304 

1*561 -constant multiplier. 



3596*5 
505*8 

4102*3 

64 c 
64 

4096 
'1235 . 

505*8 



diameter of cylinder. 



constant multiplier. 
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And V410S-S -164-05 neariy 

4096 » square of diameter 

360) 262848-5 

728-75 



And ^728-75 »9 nearly. 

Table in page 128. — This is a table for finding the proper diameter of 
the paddle shttft joumaL Sappose that it were reqaired to find the proper 
diameter for the paddle shaft joomal of an engine whose stroke is 8 feet 
and diameter of cylinder 64 inches. In the colamn which is headed 8, and 
in a line with 64, there stands the number 14*06. Hence, according to the 
role, the proper diameter of the paddle shaft journal is 14 inches. 

This table is calculated fh>m the following rule, which gives the proper 
diameter of the journal for engines of all sizes. 

Roif. — 7b find the diameter of the paddle thafi journal — Midtipfy the 
square of the diameter of cylmder in inches hy the length of the crank in 
imchee ; extract the cttbe root of the product; finally, multiply the result by 
-242. Tlie final product is the diameter of the paddle shaft jowmal in inches. 

Thus, to apply this rule to the particular example which we have selected, 
we have 

64 « diameter of cylinder inches. 
64 

4096 
48 a- length of crank in inches. 



196608 



and^l96608»58'148 
but 58 148 )(*242» 14-07 inches. 

Table in page 129. This is a table for determining the length of the 
paddle shaft journal. Suppose it were required to find the proper length 
of the paddle shaft journal for an engine whose stroke is 8 feet, and 
duuneter of cylinder 64 inches. In the column headed 8, and in a line 
with 64, there stands the number 17*59. Hence, according to the table, 
the proper length of the paddle shaft journal would be about 171 inches. 

lliis table is calculated from the foUowing rule, which serves for engines 
of all sixes. 

Rule. — To find the length of the paddle shaft joumal.^'Multipfy the square 
of the diameter of the cylinder in inches by the length of the crcmk in inches; 
extract the cube root of the quotient ; multiply the result by -303. 7%« pro' 
duct is the length of the paddle shaft journal in inches. ( 7^ length of the 
paddle shaft journal is \\ times the diameter,) 

To apply this rule to the example which we have selected, we have 

64 a diameter of cylinder in inches. 
64 

4096 
48 ^length of crank in inches. 



196608 



and ^196608-58*148 
.*. length of journal— 58*148 x -303 — 17-60 inches. 

Tables in pages 130. and 131. — These tables give the proper dimensions 
of some of those parts which do not depend upon the length of the stroke. 
Sappose it were required to find the proper dimensions of the respective 
parts of a marine engine the diameter of whose cylinder is 64 inches. 
Here, in a line with 64, we find successively. 

Diameter of crank-pin journal— 90*9 inches, or about 9 inches. 

Length of crank-pin journal— 10*18 inches, or nearly 10} inches. 

Breadth of the eye of cross-head— 2*64 inches, or between 2 J and 2] 
inehes. 

Depth of the eye of cross-head- 18*37 inches, or very nearly 18) 
inchei. 

Diameter of the journal of cross-head— 5-5 inches, or 5) inches. 

Length of journal pf cross-head— 6*19 inches, or very nearly 6} inches. 

Thickness of the web of cross-head at middle— 4*6 mches, or somewhat 
more than 4\ inches. 

Breadth of web of cross-head at middle— 17*15 inches, or between 17^^ 
and 17} inches. 

Thickness of web of cross-head at journal— 3*93 inches, or very nearly 
4 inches. 

Breadth of web of cross-head at journal— 6*46 inches, or nearly 6) 
inches. 

Diameter of piston rod— 6-4 inches, or 6] inches. 

Length of part of piston rod in piston— 12*8 inches, or 12} inches. 

Migor diameter of part of piston rod in cross-head— 06*8 inches, or nearly 
6^ inches. 

Idinor diameter of part of piston rod in cross-head— 5-76 inches, or 5] 
inches. 

Major diameter of part of piston rod in piston— 8*96 inches, or nearly 9 
inches. 

Minor diameter of part of pston rod in piston— 7*36 inches, or between 
7) and 7) inches. 



Depth of ^bs and cutter through eross-head — 6*72 inches, or very nearly 
6] inches. 

Thickness of g^bs and cutter through cross-head— 1*35 inches, or be- 
tween 1{ and 1| inches. 

Depth of cutter through piston— 5*45 inches, or nearly 5) inches. 

Thickness of cutter through piston— 2-24 inches, or nearly 2{ inches. 

Diameter of connecting rod at ends— 6*08 inches, or nearly 6^ inches. 

Mijor diameter of part of connecting rod in cross-tail— 6*27 mches, or 
about 6\ inches. 

Minor diameter of part of connecting rod in cross-tml— 5*76 inches, or 
nearly 5} inches. 

Breadth of butt— 9*98 inches, or very nearly 10 inches. 

Thickness of butt— 8 inches. 

Mean thickness of strap at cutter— 2*75 inches, or 2] inches. 

Mean thickness of strap above cutter— 2*06 inches, or somewhat more 
than 2 inches. 

Distance of cutter from end of strap— 3*08 inches, or very nearly 3^ 
inches. 

Breadth of gibs and cutter through cross-tail— 6*73 inches, or very 
nearly 6) inches. 

Breadth of gibs and cutter through butt— 7*04 inches, or somewhat 
more than 7 inches. 

Thickness of gibs and cutter through butt— 1*84 inches, or between 1} 
and 2 inches. 

These tables are calculated from the following rules, which give correct 
results for all sizes of engines. 

Rule 1. — To find the diameter of cranh-pin joumaL — Multiply the diameter 
of the cylinder in inches by *142. The result is the diameter of erank-pin 
journal in inches. 

Rule 2. — To find the length of crank-pin joumaL — Multiply the diameter 
of the cylinder in inches ^ -16. 77^ product is the length of the erank-pin 
joumcd in inches. 

Rule 3. — To find Ae breadth of the eye of cross-head, — Multiply the dia- 
meter of the cylinder in inches by -041. iTie product is the breadth of the 
eye in inches. 

Rule 4. — To find the depth of the eye of cross-head, — Multiply the diameter 
of the cylinder in inches by *286. The product is the depth of the eye of 
cross-head in inches. 

Rule 5. — To find the diameter of the journal of cross-head, — Multipfy the 
diameter of the cylinder in inches by -086. Tne product is Ae diameter of 
the journal in inches. 

Rule 6. — To find the length of the journal ofcross-head, — Multiply the diO' 
meter of the cylinder in inches by -097. The product is the length of the 
journal in inches. 

Rule 7. — To find the thickness of the web of cross-head at middle.^ Mul- 
tiply the diameter of the cylinder in inches by *072. 7^ product is the thick- 
ness of the web ofcross-head at middle in inches. 

Rule 8. — To find the breadth of web ofcross-head at middle, — Multiply the 

diameter of the cylinder in inches by *268. The product is the breadth of 

the web ofcross-head at middle in inches. 
Rule 9. — To find the thickness of the web of cross-head at journal, — Mut- 

tiply the diameter of ihe cylinder in inches by -061. The product is the 

Aickness of the web of cross head at journal in inches. 
Rule 10. — To find the breadth of web of cross-head at joumaL — Multiply 

the diameter of the cylinder in inches by -101. The product is the breadth 

of the web ofcross-head at journal in inches. 

Rule 11. — To find the diameter of the piston rod. — Divide the diameter qf 
the cylinder in inches by 10. The quotient is the diameter of the piston rod 
in inches. 

Rule 12. — To find the length of the part of the piston rod in the piston, — 
Divide the diameter of the cylinder in inches by 5. The quotient is the 
length of the part of the piston rod in the piston in inches. 

Rule 13. — To find the major diameter of the part of piston rod in cross- 
head. — Multiply the diameter of the cylinder in inches by -095. Theoro- 
duct is the major diameter of the part of piston rod in cross-head in inches. 

Rule 14. — To find the minor diameter of the part of piston rod in cross- 
head, — Multiply the diameter of the cyUnder in inches by -09. The pro- 
duct is the minor diameter of the part of piston rod in cross-head in inches. 

Rule 15. — To find the major diameter of the oart of piston rod in piston, 
— Multiply the diameter of the cylinder in inches by '14. The product is 
the major diameter of the part of the piston rod in piston in inches. 

Rule 16. — To find the minor diameter of the part of piston rod innistom.^^ 
Multiply the diameter of the cylinder in inches by -115. The product is Oe 
minor diameter of the part of piston rod m piston. 

Rule i7. — To find the depth of gibs and cutter through cross-head, — Mul- 
tiply the diameter of the cylinder in inches, by -105. The product is the 
£pth of the gibs and cutter through cross-head. 

Rule 18. — To find the thickness of the gibs and cutter through cross-head.^ 
Multiply the diameter of the cylinder in inches, by -021. The product is 
the thickness of the gibs and cutter through cross-head. 
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Bulb 19. — 7V> find the depth of cutler throng ptstm, — Multiply the 
diameter of the oflindtr in inches by '085. The product is tlie depth of the 
cutter through piston in inches, 

Rl'LE 20. — To find the thickness of cutter through piston. — MultipXy the 
diameter of the cylinder in inches by -035. Tfie product is the thickness of 
cutter through piston in inches. 

Rule 21. — To find the diameter of cotmectingrod at ends, — Multiply the 
diameter of the cylinder in inches by -095. The product is the diameter of 
the connecting rod at ends in inches. 

Rule 22. — To find the major diameter of the part of connecting rod in 
cross-tail. — Multiply the diameter of the cylinder in inches by -098. Tlie 
product is Ute major diameter oftiie part of connecting rod in cross- tail 

Rule 23. — To find the minor diameter of the part of connecting rod in cross- 
taiL — Multiply the diameter of the cylinder in inches by -og. The product 
is the minor diameter of the part of connecting rod in cross-tail in inches. 

Rule 24. — To find the breadth of butt. — Multiply the. diameter of the 
cylinder in inches by *156. The prmluct is the breadth of the butt in 
inches. 

Rule 25. — To find the thickness of the butt. — Divide the diameter of the 
cylinder in inches by S. T7te quotient is tlie tJtickness of the butt in inches. 

Rule 26. — To find the mean thickness of the strap at cutter. — Multiply tJte 
diameter of the cylinder in inches by *043. The product is the mean thick- 
ness of the strap at cutter. 

Rule 27. — To find the mean tluckness of the strap above cutter. — Mul- 
tiply the diameter of the cylinder in indies by *032. The product is the mean 
thickness of the strap a/wve cutter. 

Rule 28. — To find the distance of cutter from end of strap. — Multiply the 
diameter of the cylinder in inches by *048. The product is t/ie distance of 
cutter from end of strap in inches. 

Rule 20. — To find the breadth of the gibs and cutter tJirough croxs-tail. — 
Multifdy the diameter of the cylinder in incites by *1U5. T/u: product is t/ie 
breadth of t/te gibs and cutter through cross-tail. 

Rule 30. — To find the breadth of the gibs and cutter through butt. — Mul- 
tiply the diameter of the cylinder in inches by '11. The product is the 
breadth of the gibs and cutter through butt in inches. ^ 

Rule 31. — To find the thickness of the gibs and cutter through butt, — 3ful- 
tiply the diameter of the cylinder in inches by *029. The product is the 
thickness of the gibs and cutter tJirouyh butt in inches. 

Table in page 132. — The first four columns of this table are some parts 
of the engine which do not depend upon the stroke. Suppose it were 
required to find the thickness of the small eye of crank for an engine the 
diameter of whose cylinder is 64 inches. Here, in the column headed 
Breadth of Small Eye of Crank, and in a line with 64, there 'stands the 
number 4*04. Hence, according to the table, the proper thickness of the 
small eye of crank is about 4 inches. Again, suppose it wore rcquiri,>d to 
find the length of the small eye of crank. In the column headed Length 
of Ditto, and in a line with 64, there stands the number 11*94. Hence, 
according to the table, the proper length of the small eye of crank is nearly 
12 inches. Again, supposing it were required to find the proper thickness 
of the web of crank at pin centre ; that is to say, the thickness which it 
would have if continued to the pin centre. In the column headed Thick- 
ness of Web of Crank at Pin Centre, and in a line with 64, there stands the 
number 7*04. Hence, according to the table, the proper thickness for the 
web of crank at pin centre is about 7 inches. Again, suppose it were re- 
quired to find the breadth of the web of crank at pin centre ; that is to say, 
the breadth which it would have if it were continued to the pin centre. In 
the column headed Breadth of Ditto, and in a line with 64, there stands the 
number 10*24. Hence, according to the table, the proper breadth for the 
web of crank at pin centre is about 104 inches. 

These four columns are calculated from the following rules, which give 
the proper dimensions for engines of all sizes. 

Rule l.^ To find the breadth of the small eye of crank. — Multiply the dia- 
meter of the cylinder in inches by *063. The product is the proper breadth 
oftlui small eye of crank in inches. 

Rule 2. — To find the length of the snutB eye of crank, — Multiply the dia- 
meter of the cylinder in inches by *187. The product is the proper length of 
the small eye of crank in inches. 

Rule 3. — To find the thickness of the web of crank at pin centre. — 3ful- 
Hply the diameter of the cylinder in inches by *1 1. The product is the proper 
thickness of the web of crank at pin centre in inches. 

Rule 4. — To find the breadth of the web of crank at pin centre. — Multiply 
the diameter of the cylinder in inches 2y '16. 7*Ae product is the jnroper 
hrecuith of crank at pin centre in inches. 

The other columns in this page are useful for determining the proper 
diameters of the connecting rod and side rod at middle fVom the corre- 
•ponding diameters at ends. To illustrate the use of these columns, let us 
take the particular example of an engine of 8 feet stroke and 64-inch 
cylinder, and let us suppose that the length of the connecting rod is 12 



feet, and the side rod 10 feet Referring btek to page 131., we find thai 
the diameter of the connecting rod at ends is 6*08, and the ratio between 
the diameters at middle and ends of a connecting rod, whose length is 12 
feet, is 1*504. Hence, the proper diameter at middle of the connecting 
rod = 6*08 X 1*504 inches =i9'144 inches. Again, referring to page 133., 
we find the diameter of cylinder side rods at ends, for the particular engine 
which we have selected, is 4*10, and the ratio between the diameten at 
middle and ends of cylinder side rods, whose lengths are 10 feet, is 1*42. 
Hence, according to the tables, the proper diameter of the cylinder ude 
rods at middle is equal to 4*1 x 1-42 inches => 5*82 inches. 

Table in page 133. ~ This table gives the dimensions of some of those 
parts of tlie engine which do not depend upon the stroke. Suppoee we 
take the particular example of an engine the diameter of whose cylinder if 
64 inches. We find from the table, in a line with 64, that 

Diameter of cylinder side rods at ends =4*1 inches, or 4^^, inches. 

Rreadth of butt =4*93 inches, or very nearly 5 inches. 

Thickness of butts 3*9 inches, or 3ft inches. 

^lean thickness of strap at cutter a 2*06 inches, or a little more than 8 
inches. 

Mean thickness of strap below cutter— 1*47 inches, or very nearly 11 

inches. 

Depth of gibs and cutter «5*12 inches, or a little more than 5,^, inches. 
Thickness of gibs and cutter =1*03 inches, or a little more than 1 inch. 
Diameter of main centre joumal= 11*71 inches, or very nearly 11} 
inches. 

Length of main centre journal = 1 7 '6 inches, or 17? inches. 
Depth of eye round end studs of lever = 4*75 inches, or 4f inches. 
'J^liicknoss of eye round end studs of lever =3*33 inches, or 3J inches. 
Diaujeter of end studs of lever =-4*48 inches, or very nearly 4 J inches. 
Ltn^'th of end studs of lever ==4*86 inches, or between 4j| and 5 inchet. 
Diameter of air-pump studs »= 2 -9 1 inches, or nearly 3 inches. 
Length of air-pump studs =3*16 inches, or nearly 3^ inches. 

This tiible is calculated from the following niles, which will be found to 
give the proper dimensions for all sizes of engines. 

Rule 1. — To find the diameter of cylinder side rods at ends. — Multiply the 
diameter of the cylinder in inches by *065. The product is the diameter of 
the cylinder side rwls at ends in inches. 

Rule 2. — To find the breadth of butt in inches. — Multiply the diameter of 
tlie cylinder in inches by '077. The product is the breadth of the butt m 
inches. 

Rule 3,— To find the thickness of the butt — Multiply the diameter of the 
cylinder in inches by -061. the product is the thickness of the butt in 
inches. 

Rule 4. — To find the mean thickness of strap at cutter, — Multiply ^ 
diameter oftlte cylinder in inches by -032. The product is the mean thick' 
ness of the strap at cutter. 

Rule 5. — To find the mean tliickness of strap below cutter. — Multiply <Ae 
diameter of the cylinder in inches by -023. The product is the mean Aiek-^ 
ncss of strap below cutter in inches. 

Rule d. — To find tlie depth of gibs and cutter, ^Multiply the diameter qf 
the cylinder in inches by -08. The product is the depth of gibs and cutter 
in inches. 

Rule 7. — To find the thickness of gibs and cutter, — Multipfy the diameter 
of the cylinder in inches ^ -016. The product is the thickness of ^ ^ 
and cutter in inches. 

Rule 8. — To find the diameter of the main centre journal — Multiply the 
diameter of the cylinder in inches by 'IS3. The product is the diameter of 
tlie main centre journal in incites. 

Rule 9. — To find the length of the main centre journal. — Multiphf the 
diameter of the cylinder in inches by -275. The product is the diameter of 
the cylinder in inches. 

Rule 10.— To find the depth of eye round end studs of lever. — Multiply ^ 
diameter of tlie cylinder in inches by -074. The product is the depth ^ the 
eye round end studs of lever in inches. 

Rule 11. — To find the thickness of eye round end studs of lever. —Multiply 
the diameter of the cylinder in inches by *052. The product is the thickness 
of eye round end studs of lever in inches. 

Rule 12. — To find the. diameter of the end studs of lever.— Multiply the 
diameter of the cylinder in inches by *U7. The product is the diameter of 
tlie end studs of lever in inches. 

Rule 13.-^ To find the length of the end studs of lever,— Multiply ^ 
diameter of the cylinder m inches by -076. 7^ product is the lengi of the 
end studs of lever in inches. 

Rule 14. — To find the diameter of the air-pump studs. — Multiply the 
diameter of tltc cylinder in inches by -045. Tac product is the diameter of 
the air-pump studs in inches. 

Rule 15.— 7b find the length of the air-pump studs. — Multiply the diameter 
of the cylinder in inches by *049. The product is the lengA qfthe air-pump 
studs in inches. 
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Table in page 1S4. — This table gives the proper depth ia inches across 
the centre of the side lever, when, as is generally the case, the side 
lerer is of cast iron. It will be obserred that the depth is made to depend 
npon the diameter of the cylinder and the length of the lever, and not at 
all apon the length of the stroke, except indeed in so fiu* as the length of 
the lever may depend upon the length of the stroke. Suppose it were 
required to find the proper depth across the centre of a side lever whose 
length is 20 feet, and the diameter of the cylinder 64 inches. In the 
column headed 20, and in a line with 64, there stands the number 39*26. 
Hence, according to the table, the proper depth across the centre would be 
about 39^ inches. 

This table is calculated from the following rule, which will give the 
proper dimensions for any size of engine. 

Bulb. — To find the depth acrou the centre of the tide lever, — Multiply the 
length of the side lever in feet by 7423 ; extract the cube root of the product, 
and reserve the result for a multiplier. Then square the diameter of the 
cylinder in inches ; extract the cube root of the result The product of the 
final result and the reserved multiplier is the depth of the side lever in inches 
across the centre. 

Thus to apply this rule to the particular example which we have 
selected, we have, 

20 s length of side lever in feet 
'7423 s> constant multiplier. 

14-846 



and^l4-846a2'458 nearly. 

64 s diameter of cylinder in inches. 
64 



4096 



and^4096«16 
Hence depth at centre » 16 x 2*458 inches » 39*33 inches, or between 39} 
and 39} inches. 



Table in pa^ 135. — This table gives the dimensions of several of the 
parts of the air-pump machinery which depend upon the diameter of the 
cylinder only. To illustrate the use of this table, let us take the particular 
example of an engine the diameter of whose cylinder is 64 inches. We 
find from the table successively. 

Diameter of air>pumps38*4 inches, or 38} inches. 

Thickness of the eye of air>pump cross-head — 1 *58 inches, or a little more 
fhm 1| inches. 

Depth of eye of air-pump cross-head— 11*01, or about 11 inches. 

Diameter of end journals of air-pump cross-head —3*29 inches, or some- 
what more than ii\ inches. 

Length of end journals of ur-pump cross-head « 3*7 inches, or S^ inches. 

Thickness of the web of air-pump cross-head at middle —2*76 inches, or 
a little more than 2] inches. 

Depth of web of air-pump cross-head at middle— 10*29 inches, or some- 
what more than lOJ inches. 

Thickness of web of air-pump cross-head at journal —2*35 inches, or 
about 2} inches. 

Depth of web of air-pump cross-head at journal- 3*89 inches, or about 
8{ inches. 

Diameter of air-pump piston rod when made of copper— 4*27 inches, or 
about 4 1 inches. 

Depth of gibs and cutter through air-pump cross-head— 4*04 inches, or a 
little more than 4 inches. 

Tliickness of gibs and cutter through air-pump cross-head— *81 inches, 
or about } inch. 

Depth of cutter through piston •> 3*27 inches, or somewhat more than S\ 
inches. 

Thickness of cutter through piston a 1*34 inches, or about 1) inches. 

This table is calculated from the following rules, which give the proper 
dimensions for all sizes of engines : 

Bulb 1 . — To find the diameter of the air pump, — Multiply the diameter of the 
eyUmder in inches by *6. The product is the diameter of the air pump in 
tndkes. 

Bulb 2. — To find the thickness of the eye of air-pump cross-head. — Multiply 
Ae diameter of the cylinder in inches by *025. The product is the thickness 
of the eye qfair-fntmp cross-head in inches. 

Bulb 3. — To find the depth of eye of air-pwnp cross-head. — Multiply the 
diameter of the cylinder in inches b^ '171. The product is the depth of the 
eye of air-pump cross-head in inches. 

Bulb 4. — To find the diameter of the journals of air-pump cross-head, — 
Multiply the diameter of the cylinder in inches by "Odl. The product is 
Ae duimeter of the end journals, 

EuLB 5. — To find the length of the end journals for air-pump cross-head. — 
Multiply the diameter of Me cylinder in inches by *058. The product is the 
k»gtk of die air-pump cross-head joumais m inches. 



Bulb 6. — To find Ae fAteibiesf of Ae wth of air-pump cross-head at middle.'^' 
Multiply the diameter ofAe cylinder in inches by *043. The product is the 
thickness at middle of the web of air-pump cross-head in inches, 

Bule 7. — To Jmd the depA at middle of the web of air-pwnp cross-head, — 
Multiply the diameter of the cylinder in inches by *161. The product is the 
depA at middle of air-pump cross-head in inches, 

Bule 8. — To find the Aickness of the web qfair-nump cross-head at journals. 
Multiply the diameter of the cylinder in inches oy *037. The product is As 
Aickness of the web of air-pump cross-head at journals in inches. 

Bulb 9.^ To find the depA of the air-pump cross-head web at journals. 
Multiply the diameter of the cylinder in inches by *061. The product is 
the depth at journals of the web of air-pump cross-head. 

Bulb 10. — To find the diameter of the air-pump piston rod when of copper, 

— Multiply the diameter of the cylinder in inches by '067. The product is 
the diameter of the air-pump piston rod^ when of copper, in inches, 

Bule II. — To find the depA of gibs and cutter through air-pump cross-head, 

— Multiply the diameter of the cylinder in inches by *063. Tne product is 
the depA of the gibs and cutter through air-pump cross-head in inches, 

Bule 12. — To find the Aickness of the gibs and cutter Arough air-pmnp 
cross-head. — Multiply the diameter of the cylinder in inches by '013. jte 
product is Ae Aickness of the gibs and cutter m inches. 

Bulb 13. — To find the dqtA of cutter Arough piston, — Multiply the 
diameter of the cylinder in inches by '051. The product is the depAof the 
cutter through piston in inches, * 

Bule 14. — To find Ae Aickness of cutter through air-pwnp piston, ^Mul' 
tiply the diameter of the cylinder in inches by '021. The product is the 
thickness of the cutter through air-pwnp piston. 



I 



Table in page 136. — The first seven columns of this table give the 
dimensions of €be remaining parts of the engine which do not depend npon 
the stroke. To exemplify their use, suppose it were required to find the 
corresponding dimensions for an engine Uie diameter of whose cylinder ia 
64 inches. £i the oolunm headed ** Diameter of Air-pump Side Bods at 
Ends,'* and in a line with 64, there stands the number 2*48. Hence, 
according to the table, the proper diameter of the air-pump nde rod would 
be about 2) inches. Again, in the column headed " Breadth of Butt,** and 
in a line with 64, there stands the number 2*95. Hence, according to the 
table, the proper breadth of butt is rery nearly 3 inches. Again, in the 
column headed " Thickness of Butt," and in a line with 64, there stands the 
number 2*35. Hence, according to the table, the proper thickness of butt 
is between 2} and 2) inches. Again, in the column headed ** Mean Thick- 
ness of Strap at Cutter,** and in a line with 64, there stands the number 
1*24. Hence, according to the table, the mean thickness of strap at cutter 
ought to be about l\ inches. Again, in the column headed ** Mean Thick- 
ness of Strap below Cutter," and in a line with 64, there stands the number 
*91. Hence, according to the table, the mean thickness of strap below 
cutter is about ^ of an inch. In the column headed ** Depth of Gibs and 
Cutter,*' and in a line with 64, there stands the number 2*94. Hence, 
according to the table, the proper depth for the gibs and cutter is very 
nearly 3 inches. Finally, in the column headed " Thickness of Gibs and 
Cutter," and in a line with 64, there stands the number *63. Hence, 
according to the table, the proper thickness of the gibs and cutter is about 
( inch. 

These columns are calculated from the following rules, which give the 
correct dimensions for all sizes of engines : 

Bulb 1. — To find the diameter of air-pump side rod at ends. — Multipfy the 
diameter of the cylinder in inches by *039. The product is the diameter of 
the air-pump side rod at ends in inches, 

Bule 2. — To find the breadth of h^for air-pump, -—MuU^phf Ae diameter 
of the cylinder in inches by *046. The product is the breadA qf butt in 
inches. 

Bulb 3. — To find the Aickness of butt for air-pwnp, — Muhafy Ae dia- 
meter of the cylinder in inches by *037. The product is the thictness of butt 
for air-pump in inches. 

Bulb 4. — To find the mean thickness of strap at cutter, — Multipfy the dia- 
meter of the cylinder in inches by *0I9. 7ne product is the mean Aiekneu 
of strap at cutter for air-pwnp in inches, 

Bule 5. — To find the mean Aickness of strapbelow cutter, — Multipfy Ae 
diameter of the cylinder in inches by *014. The product is Ae mean thieh- 
ness of strap below cutter in inches. 

Bulb 6. — To find the depA of gibs and eutterfor air-pump. — MuU^ the 
diameter of the cylinder in inches by *048. Tne product is the depA of gibs 
and eutterfor air-pump in inches. 

Bulb 7. — To find the Aickness of oibs and cutter for eur-pwmp, -^Divide 
the diameter of Ae cylinder in inches by 100. The quotient ie the proper 
Aickness of the gibs and eutterfor air-pump in inches. 
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With regard to the other columns of this page, they are made to depend 
npon the nominal horse power of the engine. Suppose that we take the 
particular example of an engine whose stroke is 8 feet, and diameter of 
cylinder 64 inches. Referring back to the table given in pages 96 and 97, 
we find that the nominal horse power of this engine is nearly 175. Hence 
we find from the table successively, 

Diameter of valve shaft at journal in inches «= 4*85, or between 4] and 5 
inches. 

Diameter of parallel motion shaft at journal in inches >» 3*91, or very 
nearly 4 inches. 

Diameter of valve rod in inches » 2*44, or about 2] inches. 

Diameter of radius rod at smallest part in inches -i 1*97, or very nearly 
S inches. 

Area of eccentric rod, at smallest part, in square inches ■■ 8*37, or about 
8] square inches. 

Sectional area of eccentric hoop in square inches ■■ 8 '75, or 8] square 
inches. 

Diameter of eccentric pin in inches ^2*24, or 2) inches. 

Breadth of valve lever for eccentric pin at eye in inches ==5*7, or very 
nearly 5] inches. 

Thickness of valve lever for eccentric pin at eye in inches « 3. 

Breadth of parallel motion crank at eye » 4*2 inches, or very nearly 4^ 
inches. 

Thickness of parallel motion crank at eye a 1*76 inches, or about 1] 
inches. 



Table in page 137. — This table gives the area in square inches of each 
steam port. Suppose it were required to find the area of each steam port 
for an engine whose stroke is 8 feet, and diameter of cylinder 64 inches. 
In the column headed 8, and in a line with 64, there stands the number 
202*26. Hence, according to the table, the area of each steam port would 
be about 202| square inches. 

With regard to the rule from which this table is calculated, we may 
remark that the area of the steam port ought to depend principally upon 
the cubical content of the cylinder, which again depends entirely upon 
the product of the square of the diameter of the cylinder and the length of 
tlie stroke of the engine. It is well known, however, that the quantity of 
steam admitted by a small hole does not bear so great a proportion to the 
quantity admitted by a larger one, as the area of the one does to the area 
of the other ; and a certain allowance ought to be made for this. In the 
absence of correct theoretical information on this point, we have attempted 
to make a proper allowance by supplying a constant ; but of course this 
plan ought only to be regarded as an approzimatiozL Our rule is as fol- 
lows: 

Rule. — To find the area of each steam port — Multiply the aquare of the 
diameter of the cylinder in inches by tJie length of the stroke infect; multiply 
this product by \\ ; divide the last product by 1800 ; ami, finally^ to the quo- 
tient add 8. 77ie result is the area of each steam port in square inches. 

To show the use of this rule, we shall apply it to a particular example. 
We shall apply it to an engine whose stroke is 6 feet, and diameter of 
cylinder 30 inches. Then, according to the rule, we have 

30 a diameter of the cylinder in inches. 
_30 

900 = square of diameter. 
6 s length of stroke in feet. 



5400 
II 



59400 -r 1800 



:33 

8> 



: constant to be added. 



41 =arca of steam port in square inches ; 



which agrees with the area given in the tables. 

When the length of the opening of steam port is fVom any circumstance 
found, the corresponding depth in inches may be found, by dividing the 
number given in the table, as corresponding to the particular engine, by 
the given length in inches : conversely, the length may be found, when for 
some reason or other the depth is fixed, by dividing the number given in 
the table, as corresfionding to the particular engine, by the given depth in 
inches : the quotient is the length in inches. 

Table in page 138. — This table is useful for determining the diameter of 
the steam pipe branching off to any particular engine. Suppose it were 
required to find the diameter of the branch steam pipe for an engine whose 
stroke is S feet, and diameter of cylinder 64 inches. In the column headed 
8, and in a line with 64, there stands the number 13*13. Hence, according 
to the table, the proper diameter of the steam pipe would be between 13 
and 13| inches. 

Witli regard to the rule from which the table is calculated, we would 
make the same remarks as those we have made upon the rule for calcu- 
lating the table in page 137. The following rule will be found to give the 
proper diameter of steam-pipe for ail sises of engines. 



RuLB. — To find the diameter of branch sham pipe, '•-' Multiply logeAer the 
square of the diameter of the cylinder in inckes, the length of the stroke m 
feet, and *00498 ; to the product add 10*2, and extract the square root of the 
SUM. The result is the diameter of the steam pipe in inches. 

To exemplify the use of this rule we shall take an engine whoae stroke 
is 8 feet, and diameter of cylinder 64 inches. In this case we have as 
fallows: — 

64 sidiameter of cylinder in inches. 

64 

4096 s square of diameter. 
8 a length of stroke in feet 






32768 

*0O498 » constant multiplier. 

163*18 
10*2 -^constant to be added. 

173*38 

and V173*38« 13*16, 
which agrees very closely with the number given in the table. 

Table in page 139. — This table gives the diameter of several of the 
pipes connected with the engine. They are made to depend upon the 
nominal horse power of the engine. Suppose it were required to apply 
this table to determine the size of the pipes for two marine engines, whose 
strokes are each 8 feet, and diameters of cylinder each 64 inches. Re- 
ferring to the table of nominal horse power in pages 96 and 97, we find 
the nominal horse power of each of these engines to be 174*3, or nearly 
175 horse power. Ilence, according to the table, we have in succession. 
Diameter of waste water pipe » 15*87 inches, or between 15} 
and 16 inches. 

Area of foot- valve passage -^ 323 square inches. 
^ Area of injection pipes 14*88 square inches. 
If the injection pipe be cylindirical, then by referring to the table in pege 
24, we see that its diameter would be about 4J inches. 

Diameter of feed pipe » 4* 1 2 inches, or between 4 and 4} inches. 
Diameter of waste steam pipe » 12*17 inches, or nearly 12 J inches. 
Diameter of safety valve. 

When one is used « 14*05 inches. 

When two are used » 9*94 inches. 

When three are used a 8*12 inches. 

When four are used =7*04 inches. 

These columns are calculated horn the following rules, which wiU give 
the correct dimensions for all sizes of engines. 

Rule 1. — To find the diameter of waste water pipe. — Mult^y die square 
root of the nominal horse power of the engine by 1*2. The product ie the 
diameter of the waste water pipe in inches. 

Rule 2. — To find the area of foot-valve passage. — Multipfy the nominal 
horse power of the engine by 9 ; divide the product by 5 ; add S to the 
quotient The sum is the area of foot-valve passage in square inches. 

Rule 3. — To find the area of injection pipe. — Multiply the nominal horse 
power of the engine by *069 ; to the product add 2*81. The eum ie the area 
of the injection pipe in square inches. 

Rule 4. — To find the diameter of feed pipe. — Multiply the nominal horse 
power of the engine by '04; to the product add 3 ; extract the square root 
of the sum. The result is the diameter of the feed pipe in inches. 

Rule 5. — To find the diameter of waste steam pipe. — Multiply the coOeetive 
nominal horse power of tlte engines by *375 ; to tlte product add 16*875 ; 
extract the square root of the sum. The final result is the diameter qf the 
waste steam pipe in inches. 

Rule 6. — To find the diameter of the- safety valve when only one is used. 
To one half the collective nominal horse power of the engines add 22*5 ; ex- 
tract the square root of the sum. The result is the diameter of the safety 
valve when only one is used. 

Rule 7. — To find the diameter of Ae safety valve when two are used. Mul' 
tiply the collective nominal horse power of tlie engines by *25 ; to the product 
add 11*25 ; extract the square root of tlte sum. The result is the aiameter 
of the safety valve when two are used. 

Rule 8. — To find the diameter of the safety valve when three are ueedt ~- 
To one sixth of the collective nominal horse power of the engines add 7*5 ; 
extract the square root of the sum. The result is the diameter of the safety 
valve where three are used. 

Rule 9. — To find the diameter of the safety valve when four are tiscd!.— 
Multiply the collective nominal horse power of the engines by *125 ; io Cfte 
product aild 5*625 : extract the square root of the sum. The result is the 
diameter of the safety valve when four are used. 

Another rule for safety-valves, and a preferable one for low pressures, 
is to allow *8 of a circular inch of area per nominal horse power, as men- 
tioned at page liiB. 

Table in page 140. — This is for determining the depth across the web 
of the main beam of a land engine. SnpiM)se we wished to find the proper 
depth at the centre of the main beam of a land engine whose main beam is 
16 feet long, and diameter of cylinder 64 inches. In the column headed 
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S, and in a line with 64, there stands the number 46*17. Hence, according 
to tiie table the proper depth of the web across the centre is between 46 
and 46) inches. Referring back to the table in page 134, we find, in the 
column headed 16, and in a line with 64, the number 36*51 ; tbns showing 
that the corresponding depth of a side lever is less by nearly 10 inches. 
The depth of the bead on edge of the beam varies in different engines, but 
the proportions of the example given at page 208 are commonly employed. 
The table is calculated from the following rule, which gives correct 
dimensions for all sixes of engines. 

Rule. — To find the depth of the web at the centre of the main beam of a land 
engine. — Multiply together the square of the aiameter of the cylinder m 
tnchetf half the length of the main beam in fect^ and the number 3 ; extract 
the cube root of the producL The result it the proper depth of the web of the 
main beam acrose the centre in inches, when the main beam is constructed of 
cast iron. 

To illustrate this rule we shall take the particular example of an engine 
whose main beam is 20 feet long, and the diameter of the cylinder 64 
inches. In this case we have. 

64 s= diameter of cylinder in inches. 
64 



409 6 —square of the diameter. 
10 —J length of main beam in feet 



40960 
3 

122880 



! constant multiplier. 





4 
4 



16 

16 
32 


122880(49'714a ^122880 
64 

58880 
53649 


8 

4 


4800 
1161 


5231 
5112 


120 
9 


5961 
1242 


119 
74 


129 
9 


7203 
10 


35 


138 
9 


730 
10 





147 



741 



Table in page 141. — This table is for determimng the depth of the 
midn beam across the ends. Suppose it were required to find the depth at 
ends of a cast-iron midn beam whose length is 20 feet, when the diameter 
of the cylinder is 64 inches. In the column headed 10, and in a line with 
64, there stands the number 19*85. Hence, according to the table, the 
proper depth would be between 19] and 20 inches. 

This table is calculated fh>m the following rule, which gives the proper 
dimensions for all sizes of engines. 

Rule. — To find the depth of main beam at ends, ~- Multiply together the 
square of the diameter of the cylinder in inches^ half the length of the main 
beam in feet, and the number *192 ; extract the cube root of the product 
The result is the depth in inches of the main beam at ends, when of cast" 



To illustrate this rule, let us apply it to the particular example of an 
engine whose main beam is 20 fbet long, and the diameter ot the cylinder 
64 inches. In this case we have as follows : 

64 ^diameter of cylinder in inches 
64 



4096 ssqnare of diameter of cylinder. 
10a) length of main beam m feet 





40960 








•192 a constant 


multiplier. 




7864*32 










7864*32(19*89 a ^7864*32 


1 




1 


1 


1 




1 


6864 


1 




2 


5859 


s 




300 


1005 


1 




351 


898 


30 




651 


107 


9 




432 




39 




1083 




9 




4 




48 




112 




9 




4 





■o that, aooordmg to the rule, the depth at ends is nearly 80 inches. 



Table in page 142. -> This table gives the dimensions of the feed-pump 
in cubic inches. It may be usefhl for determining the diameter of the 
pump when its stroke is given ; for, dividing the content of the feed-pump 
by the stroke of the pump in inches, the quotient is the area ; and fW>m 
this area the diameter may easily be found by reference to the table in 
pages 24 and 25. Conversely, the table ma^ be useful for determining the 
stroke when the diameter of the pump is given ; for dividing the number 
in this table corresponding to the given engine, by the area corresponding 
to the given diameter, which area may be found fh>m the table in pages 
24 and 25, the quotient is the stroke of the pump in inches. Suppose we 
take the particular example of an engine whose stroke is 8 feet, and dia- 
meter of cylinder 64 inches. The proper content of the feed-pump, accord- 
ing to the table, would be 1093*36 cubic inches. Suppose, now, that the 
cold-water pump was suspended from the main beam at a fourth of the dis- 
tance between the centre and the end, so that its stroke would be 2 feet, or 
24 inches. In this case the area of the pump would be equal to 1093*36 -i- 
24 = 45*556 square inches ; so that we conclude, from the table in pages 24 
and 25, that the diameter is between 7) and 7J inches. Conversely, sup- 
pose that it was wished to find the stroke of the pump when the diameter 
was 5 inches. Referring to the table in pages 24 and 25, we find the area 
of the pump to be 19*635 square inches ; so that the stroke of the feed- 
pump must be equal to 1093*36 -;- 19*635 » 55*69 inches, or very nearly 55] 
mches. 

This table is calculated fix>m the following rule, which will be found to 
give correct dimensions for all sizes of engines : 

Rule. — To find the content of the feed-pump. — Multiply the square of the 
diameter of the cylinder in inches by the length of the strohe in feet ; divide 
the product by 30. The quotient is the content qf the feed-pump in cubic 
inches. 

Thus, for an engine whose stroke is 6 feet, and diameter of cylinder 60 
inches, we have, 

50 =s diameter of cylinder. 
50 

2500 «- square of the diameter of the cylinder. 
6 » length of stroke in feet 



30)15000 



500 b content of feed-pump in cubic inches. 

Table in page 143. — This is a table for determining the content of the 
cold-water pump in cubic feet It may be useful either for determining 
the diameter of the pump when its stroke is given, or, conversely, for deter- 
mining the stroke of the pump when its diameter is given. To illustrate 
this, suppose we take the particular example of an engine whose stroke is 
8 feet and diameter of cylinder 64 inches. In the column headed 8, and 
in a line with 64, there stands the number 7*45. Suppose, now, the stroke 
of the pump to be 5 feet, then the area equal to 7*45-^5 = ^49 square feet 
=214*56 square inches ; so that, referring to the table in pages 24 and 25, 
we see that the diameter of the pump is about 16| inches. Again, suppose 
that the diameter of the cold-water pump was 20 inches, and that it waa 
required to find the length of its stroke. We find, from the table in pages 
24 and 25, that the area of the pump is 314*16 square inches, or 314*16-^ 
144=2*18 square feet ; so that the stroke of the pump is equal to 7*45 + 
2*18=3*42 feet 

This table is calculated from the following rule, which will be found to 
give correct dimensions for all sizes of engines: 

Rule. — To find the content of the cold-water nump, — Multiply the square of 
the diameter of the cylinder in inches by the length of the stroke in feet ; 
divide the product by 4400. The quotient is the content of the cold-water 
pump in cubic feet 

To explain this rule we shall take the particular example of an engine 
whose stroke is 5) feet, and diameter of cylinder 60 inches. In this case 
we have in succession, 

60 —diameter of cylinder in inches. 

60 

3600 b square of the diameter of cylinder. 
51 » length of stroke in feet 



4400)19800 



"4*5= content of cold-water pump in cubic feet. 
■ Some further remarks on the feed and cold-water pumps will be found 
at page 215. 

Table in page 144. — This table is for determining the proper thickness 
of the large eye of crank for fly-wheel shaft when the crank is of cast iron. 
The crank is sometimes cast on the shaft, and of course the thickness of 
the large eye is not then so great as when the crank is only keyed on the 
shaft, or rather there is then no large eye at alL To illustrate the use of 
this table we shall apply it to the particular example of an engine whose 
stroke is 8 feet, and diameter of cylinder 64 inches. In the column 
headed 8, and in a line with 64, there stands the number 8*07. Hence, 
accoiding to the table, the proper thickness of the large eye of crank when 

C 2 
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of e**t inn ii about B indiM. Reftning to tlie table in page 136, in tb« 
column headed 8, and in a line with 64, there atandi the nnmtiar 5*77 : 
■o that for a marine engine of 8 feet itroke, and 6i inch cylinder, the 
thickneas of the large tjt of crank ii aboat Sfinchea. The difference ii 
thni aboDt S( incliei, irlueti it an aUowanee for the InftTiority of can inm 
to malleable iron. 

This table ii calcoUled from the fbllowing rale, -which will be found to 
^Te eoTTEct dimeniions for all tina of engine* : 

Ruix. — TV fiid At thiehuu of the largt egt of ermJt for fig-mlud lAq/l 
what 1^ eatt inm, — Mtdtiohi Ih* ttfiiart af &t laigth cf iJu enuJt in ixchtM 
bg rSHI, null tin muilaUy Iht mpiart of At diamtler of Oie cyliiuitT in 
ischtt bg 'IS3S I miJtipfy (As mm of fAcw produett tn/ (Ac tquart of the 
Uiamtltr of cj^inda inntehet; dieide this pnduet &y 666 383 i dipide this 
gvotient bj/ At letigth of the cranh at inchet ; Jbialtj/ eitraci the cube root of 
the qvotiail. 2%< retuit it the proper Aiclame of the largt rgtof omAfor 
fljl-»httl tfu^ft in incba, when ofcaet iron, 
Ai thii role ii rather complicated, ve ihall ibov iti applicttion to the 

particular eianple already lelected. For ttai* particular example ve have 



;b of crank in inehet. 



B304— tqnareof lenjfihof eraokiniiKhet. 
l'S61— conitant mnitiplier. 
3596-S 

64 —diameter of cy Under in inehei. 



3596-5 

410S'3— inm of product*. 

4096 — iqaare of tlie 
6SG-aB3 )IfiBO30a0-e 
length of crank-48 ) 35319-045 
635397 
•nd^535'397>°B-o; nearly. 
Table in page 145. — Tliii is a table for determining the breadth of the 
web of crank at the centre of the fly-wheel shaA, that ii lo say, the breadth 
> which it wonld have if it were continned to the centre of the fly-wheel 
■haft. Suppose it were required to find the breadth of the crank at the 
centre of the fly-wheel abaft for an engine whose stroke is S feet, and dia- 
meter of cylinder 64 inche*. In the columo beaded 8, and in ■ line ^ith 
64, there standi the nnmber 33-49. Hence, according to the table, the 
proper breadth is aboU 33J inches. Referring to the Uble in page las, in 
the column headed 8, and m a line with 64, there stands the number 17-99. 
Hence, according to that table, the breadth of the web of a cast-iron crank 
of an engine whose stroke is S feet, and diameter of cylinder 64 inches, 
is abont IB ineliea. The difference between these two is about 41 inches ; 
which is not too great an dlowance for the inferiority of the cast iron. 

This table is calculated from the following rule, which will be found to 
giT* correct dimensions for alt tate* of engine* : 

'Rei.E.— TafindthebreadAoflheioeb ^ crani al ^v-whed thafi, lehen of 
cost inm. — MuUi^jf the Sfuore of the length of the crani in inchet by 
l'S6t, and (An nuitijAii the npiare of Iht diamtttr ofAe egHnder in inrA« 
iy 1235; tnitify the tquart root of the turn of Aae pnductt by the tquare 
of the diameter of Oie lylinder » inchai diwU the produri by 33-04, and 
fiudb/ extract the cube rool of the otuilienL 77i< jfmJ retiif( it the breadA 
of the cranh at iKe centre of the fiy-iahed thafi, ithtn the eratik it of call 

A* this rule i* rather complicated, we *hall illnitrate it by ahowing its 
application to the particular example of an engine whose stroke is 8 feet, 
jmd diameter of cyunder 64 inches. For this engine, following the direc- 
tioM of the rule, we have in succession, 

et t. diaoieter of cylinder in inches. 



48 -length of crank in inchec 
48 
a3iu —square of the length of cnn 
1-561 -constant multiplier. 
,S596-5 t 



and .J* II 386 66 -33-49. 

Table in page 146.-^ This i* ■ table fbr determining the thickness of tlie 
web of crank at the centre ofUie fly-wheel shaft i that is to say, the thick- 
ness which it would bave if it were continued so fiu*. Suppose it were 
required to find the thickness of web of crank at the centre of fly-wheel 
shaft of an engine whose stroke is 8 feet, and diameter of cylinder 64 inchea. 
In the column besjled 6, and in a line with 64, there standi the nnmber 
11-36. Hence, according to the table, the proper thickness wonld be aboDt 
11) inches. Rererring lo the table in page 127, in the column headed B, 
and in a line with 64, there stands tlie number 8-93. Hence, the proper 
thickness of web at centre <rf paddle shaft for a marine engine whose stroke 
i* 8 teet, and diameter of cylinder 64 inches, is nearly 9 inches. Tha 
difference between the two thicknesses is about 3) inches, which ia not 
too great an allowance for the inferiority of cast iron to malleable irm. 
This table is calculated ^om the following rule, which will be found lo 
give oomct dimensions for all uses of engines : — 

Bon.— To find the Aiehiat of the tuebof crani at centre ofjly-wheelthtf/t, 
tohen of catt voK, — Midliplsi the mptare of the lengA of the cranh iHinchtt 
bg 1-561, and then nudlipig the nquart of the diameter of the cj^inder m 
inrhttbg -1335,- mvlliplg the vpiart root of the mm of Ihete prodvett bf At 
tgtiare of the dianieler of the cylinder in incAn ,- divide Ail product iy 
1 84-32 ; foially extract the ctibt root of the quotietU. The nnJl ii the thici- 
neit of tlie unb of crank at At centre of the fiy-vhed sAiifl wAea ijfeait 

As this rule ia rather complicated, we shall illnstrata it by ^plying it to 
the particular engine wluch we have already selected. For this engine we 
hare in siicceision, 

48 —length of crank in inches. 



64— diameter of oyliuder in ioche*. 
64 

le diameter of cylinder. 



4103-3 - inm of prodocta. 



Constant divisor- 184-3 3) 3633485 
1433-33 

and *'ua3-33- 11-26. 



Suppose it was reqnirMi to find the diameter of the Sy-wheel 

shaft for an engine whose stroke is 8 feet, and diameter of cylinder 64 
inches. In the column headed 8, and in a line with 64, there stand* the 
nnmber 17-59 ; so that according to the table the diameter would be abont 
171 inchet. It is obvious enough that the fly-wheel shaft stands in much 
the same relation to the land engine, as the paddle shaft does to the marine 
engine. Referring to the table in page 128 ; in the column beaded B, and 
in aline with 64, Qiere stands the nnmber 14-06. Hence, according to that 
table, the diameter of the paddle-shaft Journal of a marine engine whoce 
stroke is 8 feet, and diameter of cylinder 64 inches, is abont 14 inches. 
The difference betwixt the diameter of the paddle shaft for the marine 
engine, snd ihe diameter of the fly- wheel shaft fbr the corresponding hud 
engine is about 31 inches. This will be found to be a very proper aUowanee 
for the diflerent circumstances connected with the land engine. 

This table has been calculated from the following rule, which will be 
found to give correct dimenmons for all siie* of engines : 

Edle. — To fold the diameltr ofAefiy-vieei ihafi at imaBtttpart, leheit it 
it of out iron. ^MMply the tquare of the Sanuler qf the cylinder n 
inctei bg the length of the cranh m incheit extract the c^ not of At pro- 
duct ; finally multiply Ae rault bg -3025. Tht rtimU it Ae diamtUr iff At 
fly-whed thajt al wmallett part in inehet. 
We shall illustrate this rule I7 applying it to tlie paitienlBr engine which 

we have already selected. 
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64* diameter of the cylinder in inchei. 
64 

4096»8qiiare of the diameter. 
48 -B length of crank in inches. 





196608 


25 





5 


196,608(58-15-^196608 
125 


5 
5 


25 
50 


71608 
70112 


10 
5 


7500 
1264 


1496 
1011 


150 

8 


8764 
1328 


485 


158 
8 


10092 
2 




166 
8 


1011 
2 




174 


1013 





■ad 58*15 X '3025- 17-59 

which agrees with the number giren in the table. 

Tables in pages 148. and 149. — These tables are fbr determining the 
■eetksnal area of the flj-wheel rim when of cast iron. The method of nsing 
them is explained in a role in page 149. Suppose it were required to find 
the sectional area of the rim of a fly-wheel for an engine whose stroke is 
8 feet, and diameter of cylinder 64 inches, the diameter of the fly- 
wheel itself being SO feet Referring to table A ; in the colunm headed 8, 
aod in a line with 64, there stands the number 146*4. Referrine to table 
B ; in the column headed 8, and in a line with 30, there stands the number 
"813. Hence, according to the rule in table B, the sectional area of the 
rim in square inches^ 146*4 x *813b 119-02. We may remark that these 
tables have been calculated on the supposition that the fly-wheel is so con- 
nected with the engine, as to make exactly one revolution for each double 
•troke of the pistozL If the fly-wheel is so connected with the engine 
as to make more than one revolution for each double stroke, then the 
rim does not need to be so heavy as these tables would make it If, on 
the contrary, the fly-wheel does not make a complete revolution for each 
double stroke of the engine, then it ought to be heavier than our tables 
make it With regard to the rules from which these tables have bem 
calculated, it would be useless to give a rule for each of them separately. 
It will be sufficient if we give a rule for determining the sectional area at 
once. 

Bulb. — To find the sectional area of the rim of the fly-whed, when of cast 
iron. — Mtutiphf together the square of the diameter of the cylinder in inches, 
the square of the length of the stroke in feet, the cube root of the length of 
the stroke in feet, and 6*125 ; divide the final product by the cube of me 
diameter of the fly-wheel in feet The mtotient is the sectional area of the 
rim of fly-wheel in square inches, provuud it is of cast iron. 

As this rule is rather complicated, we shall endeavour to illustrate it by 
showing its application to a particular engine. We shall apply the rule to 
determme the sectional area of the rim of fly-wheel for an engine whose 
stroke is 8 feet, diameter of cylinder 50 inches ; the diameter of the fly- 
wheel being 20 feet For this engine we have as follows : 

2500 » square of the diameter of cylinder. 
64 =a square of the length of stroke. 

160000 

2 scube root of the length of stroke. 

320000 
6*125 » constant multiplier. 

1960000 

therefore sectional area in square inches^ 1960000-^20*— 1960000H-8000 
>-1960-i-8»245. 

We would find the same area from the table thus. Referring to table 
A i and in the column headed 8 and in a line with 50, there stands the 
number 89*29. Referring to table B ; in the column headed 8, and in a 
line with 20, there stands the number 2*74. Hence, according to the rule 
f;iven in the heading to table B, sectional area of fly-wheel nm in square 
inches— 89*29 x 2*74»244'66 ; or very nearly 245 square inches. 

We may here introduce the remainder of the formula frt>m which the 
preceding tables have been calculated, which we omitted at page 106. In 
the following formulse we denote the diameter of the cylinder in inches by 
D, the length of the crank in inches by R, the length of the stroke in feet, 
and the nominal horse power of the engine by H. P. 

■ABIWE BNOINE8. — DIMENSIONS OF SEVERAL OF THE PABT8 Of TBB 

BIDE LEVEB. 

Depth of eye round end studs of lever a •074 x D. 
Thickness of eye round end studs of lever— *052 x D. 



Diameter of end studs, in inches— "07 x D. 
Length of end studs, in inches =*07 6 x D. 
Diameter of air-pump studs, in inches— "045 x D. 
Length of air-pump studs, in inches— *049 x D. * 

Depth of cast-iron side lever across centre, in inches— Ds x {*742S x 
length of lever in feet])* 

MARINE ENGINE. — DIMENSIONS OP SEVERAL PARTS OF AIR-PUMP 

CROSS-HEAD. 

Diameter of air-pump, in inches » *6 x D. 
Thickness of eye for air-pump rod, in inches ■■'025 x D. 
Depth of eye for air-pump rod, in inch«— '171 x D. 
Diameter of end journals, in inches —'051 x D. 
Length of end journals, in inches a •058 x D. 
Thickness of web at middle, in inches— *043 x D. 
Depth of web at middle, in inchesB*l6l x D. 
Thickness of web at journal —*037 x D. 
Depth of web at journal — *06 1 x D. 

MARINE ENGINE. — DIMENSIONS OF THE PARTS OF AIR-PUMP 

PISTON ROD. 

Diameter of air-pump piston rod when of copper, in inches a*067 x D. 
Depth of gibs and cutter through cross-head, in inches— *063 x D. 
Thickness of gibs and cutter through cross-head, in inches— '013 x D. 
Depth of cutter through piston, in inches— '051 x D. 
Thickness of cutter through piston, in inches— *021 x D. 

MARINE ENGINE. — DIMENSIONS OF THE REMAINING PARTS OF TBB 

AIR-PUMP MACHINERY. 

Diameter of air-pump side rods at ends, in inches— *039 x D. 

Breadth of butt, in inches— -046 x D. 

Thickness of butt, in inches ='037 x D. 

Mean thickness of strap at cutter, in inches— '019 x D. 

Mean thickness of strap below cutter, in inches b^o 14 x D. 

Depth of gibs and cutter, in inches— '048 x D. 

Thickness of gibs and cutter, in inches— D-r 100. 

MARINE AND LAND ENGINES. — AREA OF STEAM PORTS. 

Area of each steam port, in square inches— 11 x / x D'-rl800 + 8. 

■ARINS AND LAND ENGINES. — DIMENSIONS OF BRANCH 8TBAM PIPES. 

Diameter of each branch steam pipe — 'v/*00498 x / x D* + 10*2, 

MARINE ENGINE. — DIMENSIONS OF SEVERAL OF THE PIPES CONNECTED 

WITH THE ENGINE. 

Diameter of waste water-pipe, in inches a 1*2 x VlSTP. 
Area of foot- valve passage, in square inches » 1*8 x H.P. + 8. 
Area of injection pipe, in square inches — '069 x H. P. + 2*81. 

Diameter of feed-pipe, in inches — 'v/'04 x H. P. + 3. 



Diameter of waste steam-pipe, in inches— 'v/'375 x H.P. + 16*875. 

MARINE AND LAND ENGINES. — DIMENSIONS OF SAFBTT-YALTES. 



Diameter of safety-valve, when one only is used — V'5 x H. P. -t- 22*5 . 
Diameter of safety-valve, when two are used— 'v/*25 xH.P. + 11*25. 
IMameter of safety-valve, when three are used« \ /'167 x H.P-f 7'5. 
Diameter of safety-valve, when four are used— %/'125 x H. P. 4- 5*625. 

LAND ENGINE. — DIMENSIONS OF MAIN BEAM. 

Depth of web of main beam across centre— 

^3 X D* x half length of main beam in feet 
Depth of main beam at ends a 

^'192 X D* X half length of main beam, in feet 

LAND AND MARINE ENGINES. — CONTENT OF FEED-PUMP. 

Content of feed-pump, in cubic inches ^D* x /-r30. 

LAND ENGINES. — CONTENT OF COLD-WATER PUMP. 

Content of edd-water pump, in cubic feet— D* x /•t-4400. 

LAND ENGINES. — DIMENSIONS OF CRANK. 

Thickness of large eye of crank, in inches — 



-yD" X (1561 X R« + *1235 D«)+(R x 666*283). 
Breadth of web of crank at fly-wheel shaft centre, in Indies— 

^D« X ^(1*561 X R« + '1235 x D«)-5-23'04. 
Thickness of web of crank at fly-wheel shaft centre, in inches > 

-yD« X ^(1'561 X R'-f 1235 xD*)-rl84'32. 
LAND ENGINE&— DIMENSIONS OF FLT- WHEEL SHAFT. 



Diameter of fly-wheel shaft, when of cast-iron, —3025 x ^R x D*. 



15R 
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CHAPTER VIL 



DIMENSIONS OF PARTS OF LOCOMOTIVES. 



DZAMSTEB OF CTIJ2n>BB. 

In locomotiTC engines the diameter of tlie cylinder varies less than in 
either the land or the marine engine. In few of the locomotive engines 
at present in nse is the diameter of the cylinder greater than 16 inches, or 
less than 12 inches. The length of the stroke of nearly all the locomotive 
engines at present in use is 18 inches, and there are always two cylinders, 
-wmch are generally connected to cranks upon the axle, standing at right 
angles with one another. Outside cylinders, operating upon pins in the 
driving wheels, have latterly been largely introduced ; but they cause much 
oscillation of the engine ; though this defect might be remedied by making 
the pistons move simultaneously, and putting another cylinder in the centre 
of the carriage to act upon a crank at right angles with the pins. 

AREA OF Iin>UCnON PORTS. 

Rule. — To find the size of the steam ports for Oie locomotive engine, — Multiply 
the square of the diameter of the cylinder by '068. The product u the 
proper size of the steam ports in square inches, 

JExample. — Required the proper size of the steam ports of a locomotive 
engine whose diameter is 15 inches. Here, according to the rule, size of 
steam ports « *068 x 15 x 15 ='068 x 225a 153 square inches, or between 
15| and 15) square inches. 

AftCT having determined the area of the ports, ire may easily find the 
depth when the length is given, or, conversely, the length when the 
depth is given. Thus, suppose we knew the length was 8 inches, then 
we find that the depth should be 15*3-r8=>l'9125 inches, or nearly 2 
inches ; or suppose we knew the depth was 2 inches, then we would find 
that the length was 15*3—2 =7'65 inches, or nearly 7] inches. 

AREA OF EDUCTION PORTS. 

The proper area for the eduction ports may be found from the following 
rule. 

Rule. — To find the area of the eduction ports, — Multiply the square of the 
diameter of the cylinder in inches by '128. The product is the area of ihe 
eduction ports in square inches, 

Example. — Required the area of the eduction ports of a locomotive 
engine, when the diameter of the cylinders is 13 inches. In this example 
we have, according to the rule, 

area of eduction port =='128 x 13'«'128 x 169 a 21*632 inches, 
or between 21^ and 21 j square inches. 

BREADTH OF BRIDOB BETWEEN PORTS. 

The breadth of the brid^ between the eduction port and the indoction 
ports is usually between } mch and 1 inch. 

DLIMETER OF BOILER. 

It is obvious that the diameter of the boiler may vary very considerably ; 
but it is limited chiefly by eonsiderations of strength ; and 3 feet is found a 
convenient diameter. Some rules for the strengdi of boilers are given at 
page 230. 

Rule. — To find the inside diameter of the boiler, — Mukipiy the diameter of 
the cylinder in inches by 3*11. The product is the inside diameter of die 
boiler in inches, 

£!xamp2e.-— Required the inside diameter of the boiler fbr a locomotive 
engine, the diameter of the cylinders being 15 inches. 

m this example we have, according to Uie rule, 

inside diameter of boiler a 15 x 3'11 aB46*65 inches, 
or about 3 feet 10{ inches. 

lenqtr of boiler. 

The length of the boiler is usually in practice between 8 feet and 8| 
feet. In the Northern and Eastern Counties Railway the length of the 
boiler is 8 feet ; while in the North Midland Counties Railway, in tiie Great 
Western Railway, and in the Hartlepool Railway, th« length of the boiler 



is 8) feet In the Belgian railways the length of the boiler is 8 feet 
2 inches. And in the Bourdeaux et La Teste railway the length of the 
boiler is 8 feet 9 inches. In Stephenson's specification for improvements 
in the arrangement and combination of the parts of locomotive engines, tfafl 
length of the boiler is between 11 and 12 feet ' 

diameter of steam dome inside. 

It is obvious that the diameter of the steam dome may be varied consi- 
derably, according to circumstances ; but the first indication is to make it 
large enough. It is usual, however, in practice, to proportion the dia- 
meter of the steam dome to the diameter of the cylinder; and there 
appears to be no great objection to this. The following rule will be fbond 
to give the diameter of the dome usually adopted in practice. 

Rule. — To find the diameter of the steam dome. — Mukiply the diameter of 
the cylinder in inches by 1*43. The product is the diameter of the dome m 
inches. 

Example, — Required the diameter of the steam dome fbr a loeomotiTe 
engine whose diameter of cylinders is 13 inches. In this example we 
have, according to the rule, 

diameter of steam dome— 1*43 x IS « 18*59 inches, or aboat 18} inchefl. 

height of steam dome. 

The height of the steam dome may vary. Judging from practice^ it 
iq»pears that a uniform height of 2) feet would answer very well. 

diameter of safett valve. 

In practice the diameter of the safety valve varies considerably. The 
fbllowmg mle gives the diameter of the safety valve usually adopted in 
practice. 

Rule. — To find the diameter of the safety valve. — Divide the diameter qfthe 
cylinder in inches by 4. ITie quotient is the diameter q/fthe sitfety valve in 
inches. 

Example, — Required the diameter of the safety valves for the boiler of 
a locomotive engine, the diameter of the cylinder being 13 inches. Here, 
according to the rule, diameter of safety valve» 13 ^4^3^ inches. A 
lai^r size, however, is preferable, as being less likely to stick. 

diameter of valve spindle. 

The following mle will be found to give the correct diameter of the 
valve spindle. It is entirely founded on practice. 

Rule. — To find the diameter of the valve spindle, — Multiply the diameter of 
the cylinder in indies by '076. 7^ product is the proper diameter of the 
valve spindle. 

Example. — Required the diameter of the valve spindle for a locomotive 
engine whose cylinders' diameters are 13 inches. 

In this example we have, according to the rule, 
diameter of valve spindlea 13 x *076-> '988 inches, or very nearly 1 inch. 

diameter of chimmet. 

It is usual in practice to make the diameter of the chimney equal to the 
diameter of the cylinder. Thus a locomotive engine whose cylinders' 
^Uameters are 15 inches would have the inside diameter of the chimney 
also 15 inches, or thereabouts. This rule has, at least, the merit of sim- 
plicity. 

AREA OF FIRE-GRATE. 

The following rule determines the area of the fire-grate osuallj given in 
practice. We may remark, that the area of the fire-grate in practice fol« 
lows a more certain mle than any other part of the engine ^ypears to do ; 
but it is in all cases much too small, and occasions a great loss of power by 
the urging of the bUist it renders necessary, and a rapid deterioration of the 
fhmace plates fix>m excessive heat There is no good reason why the 
fhraace should not be nearlv as long as the boiler : it would then resemble 
the furnace of a marine boiler, and be as manageable. 
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Rule. — To find the area qf the fire-frate.'^MMply the diameter of the 
cylinder in inchee hjf *77. The product ie the area of the fire-grate in 
superficial feet 

Example, — Reqtdred the area of the fire-grate of a locomotiTe engine, 
the diameters of the cjlinders bemg 15 inches. 

In this example we have, according to the rule, 

area of fire-grate s*7 7 x 15=11*55 square feet, 
or aboat 11| square feet Though this rule, however, represents the usual 
practice, the area of fire-grate should not he eontiugent upon the size of 
the cylinder, but upon the quantity of steam to be raised. 

ABBA or HEATINO 8UBFACE. 

In the construction of a locomotive engine, one great object is to obtun 
a boiler which will produce a sufiicient quantity of steam with as little bulk 
and weight as possible. This object is admirably accomplished in the con- 
struction of the boiler of the locomotive engine. This little barrel of tubes 
generates more steam in an hour than was formerly raised from a boiler 
and fire occupying a considerable house. This favourable result is obtained 
simply by exposing the water to a greater amount of heating sur&ce. 

In the usual construction of the locomotive boiler, it is obvious that we 
can only consider four of the six faces of the inside fire-box as effective 
heating surface ; viz. the crown of the box, and the three perpendicular 
sides. The circumferences of the tubes are also effective heating surface ; 
so that the whole effective heating surface of a locomotive boiler may be 
considered to be the four fkces of the inside fire-box, plus the sum of the 
snr&ces of the tubes. Understanding this to be the effective heating sur- 
hce, the following rule determines the average amount of heating sur&ce 
usually given in practice. 

Btnx. — To find the effective heating surface, — Multiply the square of the 
diameter of the cylinder in inches by 5 ; ditnde the proauct by 2. The quo- 
tient is the area of the effective heading surface in square feet. 

Examjpls, — Required the effective heating snrfiice of the boiler of a 
locomotive engme, the diameters of the cylinders being 15 inches. 

In this example we have, according to the rule, 
efllective heating surflEU!esl5'x5-r2B225 x 5-i-Sall25-r2«i562j 
square feet 

According to the rule which we have given for the fire-grate, the area 
of the fire-grate for this boiler would be about \\\ square feet We may 
suppose, therefore, the area of the crown of the box to be 12 square feet 
The area of the three perpendicular sides of the inside fire-box is usually 
three times the area of the crown ; so that the effective heating surfisice of 
the fire box is 48 square feet Hence the heating surface of the tubes » 
526 '5 — 48 s 478*5 square feet The inside diameters of the tubes are gene- 
rally about If inches ; and therefore the circumference of a section of these 
tubes, according to the table in page 24, is 5*4978 inches. Hence, sup- 
posing the tube to be 8^ feet long, the surface of one » 5*4978 x8l-rl2-> 
*45815 X 8} => 3*8943 square feet And, therefore, the number of tubes » 
478*5-7-3*8943 « 123 nearly. The amount of heating surfiEice, however, like 
that of grate surface, is properly a function of the quantity of steam to be 
raised, and the proportions of both, given at page 229, will be found to 
answer well for boilers of every description. 

AREA OF WATER-LEVEL. 

This of course varies with the Afferent circumstances of the boiler. The 
average area may be found fh)m the following rule. 

Rule. — To find the area of the water-level — MuUipiy the diameter of the 
cylinder in inches by 2*08. The product is the area of the ujater-level in 
square feet. 

Example. — Required the area of the water-level for a locomotive engine, 
whose cylinders* diameters are 14 inches. 
In this case we have, according to the rule, 

area of water-level => 14 x 2 '08 «■ 29*12 square feet 

CUBICAL CONTENT OF WATER IN BOILER. 

This of course varies not only in different boilers, but also in the same 
boiler at different times. The following rule is supposed to give the aver- 
age quantity of water in the boiler. 

Rule. — To find the cubical content of the water in the boiler. — Multiply the 
square <f the diameter of the cylinder in inches by 9 ; divide the product by 
40. lite quotient is the cubical content of the water in the boiler in cubic 
feet 

Example. — Re<^uired the average cubical content of the water in the 
boiler of a locomotive engine, the diameters of the cylinders being 14 inches. 
In this example we have, according to the rule, 

cubical content of waterB9 x 14*-r40s44*l cubic feet 

CONTENT OF FEED-PUMP. 

In the locomotive engine, the feed-pump is generally attached to the 
cross-head, and consequently it has the same stroke as the piston. As we 
have mentioned before, the stroke of the locomotive engine is generally in 



practice 18 inches. Henecb tsnming the stroke of the feed-pump to be 
constantly 18 inches, it only remains for us to determine the diaineter of 
the ram. It may be found fh>m the following rule. 

Rule. — To find the diameter of the feed'pump ram. — Multiply Ae square of 
the diameter of the cylinder in inches by *01 1. The product is the diameter 
of the ram in inches. 

Example. — Required the diameter of the ram for the feed-pump for a 
locomotive engine whose diameter of cylinder is 14 inches, in this 
example we have, according to the rule, 

diameter of ram »= -Oil x 14'— *011 x 196—2*156 inches, 
or between 2 and 2) inches. 

CUBICAL CONTENT OF STEAM BOOM. 

The quantity of steam in the boiler varies not only for different boilers, 
but even for the same boiler in different circumstances. But when the 
locomotive is in motion, there is usually a certain proportion of the boiler 
filled with the steam. Including the dome and the steam pipe, the content 
of the steam room will be found usually to be somewhat less than the cubical 
content of the water. But as it is desirable that it should be increased, we 
give the following rule. 

RuLB. — To find the cubical content of the steam room. — Multipfy the square 
of the diameter of the cylinder in inches by 9 ; divide the product by 40. The 
quotient is the cubical content of the steam room in cubic feet 

Example. — Required the cubical content of the steam room in a loeo* 
motive boiler, tiie diameters of the cylinders being 12 inches. 

In this example we have, according to the rule, 
cubical content of steam room— 9 x 12'-r40»9 x 144-r40s32*4 cubic 
feet 

CUBICAL CONTENT OF INSIDE FIBE-BOX ABOVE FIRS-BAB8. 

The following rule determines the cubical content of fire-box usuallj 
given in practice. 

Rule. — To find the cubical content of inside fire-hox qhove fire-bars. — 
Divide the square of the diameter of the cylinder in inches by 4. 7^ quo- 
tient is the content of the inside fire-box above fire-bars in cubic feet 

Example. — Required the content of inside fire-box above fire-bars in a 
locomotive engine, when the diameters of the cylinders are each 15 inches. 

In this example we have, according to the rule, 
content of inside fixe-box above fire-bars a 1 5' -7-4 = 225 -r 4 = 56^ cubic ft 

THICKNESS OF TRB FLATEB OF BOILER. 

In general the thickness of the plates of the locomotive boiler is J inch. 
In some cases, however, the thickness is only f^ inch. 

IN8II>B DIAMETER OF STEAM PIPE. 

The diameter usually given to the steam pipe of the locomotive engine 
may be found from the following rule. 

Rule. — To find the diameter of the steam pipe of the locomotive engine. — 
Multiply the square of the diameter of the cylinder in inches by *03. The 
product is the diameter of the steam pipe in inches. 

Example. — Required the diameter of the steam pipe of a locomotive 
engine, the diameter of the cylinder being 13 inches. Here, according to 
the rule, diameter of steam pipe^*03 x 13'=='03 x 169 b 5-07 inches ; or a 
very little more than 5 inches. The steam pipe is usuaUy made too small 
in engines intended for high speeds. 

DIAMSTBR OF BRANCH STEAM PIPES. 

The following rule gives the usual diameter of the branch steam pipe for 
locomotive engines. 

Rule. — To find the diameter of the branch steam pipe for the locomotive 
engine. — Multiply the square of the diameter of the cylinder in inches by 
*02 1 . 77ie product is the diameter of the branch steam pipe for the locomotive 
engine in inches. 

Example. — Required the diameter of the branch steam pipes for a loco- 
motive engine, when the cylinder's diameter is 15 inches. Here, according 
to the rule, diameter of branch pipe^*021 x 15'a*021 x 225^=4*725 inches, 
or about 4] inches. 

DIAMETER OF TOP OF BLAST PIPE. 

The diameter of the top of the blast pipe may be found fW>m the follow- 
ing rule. 

Rule. — To find the diameter of the top of the Hast pipe. — Multiply the 
square of the diameter of the cylinder in inches 6y *017. The product is the 
diameter of the top of the blast pipe in inches. 

Example. — The diameter of a locomotive engine is 13 inches; required 
the diameter of the blast pipe at top. Here, according to the rule, 

diameter of blast pipe at top ='01 7 x 13'»iOl7 x 169—2*873 inches, or 
between 2) and 3 inches ; but the orifice of the blast pipe should always be 
made as large as the demands of the blast will permit 
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X>IiJBTER OF FEED FIFESi 

There appear to 1)6 no theoretical considerations which would lead ns to 
determine exactly the proper size of the feed pipes. Judging ftom 
practice, however, the following rule will be found to give Uie proper 
dimensions. 

BiTLE. — To find the diameter of the feed pipes. — Multiply the diameter q^ 
the cylinder in inches by '141. ITie product is the proper diameter of me 
feedpipes* 

Example. — Required the diameter of the feed pipes for a locomotive 
engine, the diameter of the cylinder being 15 inches. 

In this example we have, according to the rule, 

diameter of feed-pipe = 15 x *141 m2'115 inches, 
or between 2 and 2^ inches. 



DIAMETER OF PISTON 
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ROD. 



The diameter of the piston rod ibr the locomotive engine is usually 
about one-seventh the diameter of the cylinder. Making practice our 
guide, therefore, we have the following rule. 

Rule. — To find the diameter of the piston rod for the locomotive engine. — 
Divide the diameter of the cylinder in inches by 7. The quotient is the 
diameter of the piston rod in inches. 

Example. — The diameter of the cylinder of a locomotive en^ne is 15 
inches, required the diameter of the piston rod. Here, accordmg to the 
rule, diameter of piston rod « 15 -r- 7 « 2| inches. 

THICKNESS OF PISTON. 

The thickness of the piston in locomotive engines is usually about two- 
sevenths of the diameter of the cylinder. Making practice our guide, 
therefore, we have the following rule. 

Rule. — To find the thickness of the piston in the locomotive engines- 
Multiply the diftmeter of the cylinder in inches by 2 ; divide the product by 7. 
The quotient is the thickness of the piston in inches. 

Example. — The diameter of the cylinder of a locomotive engine is 14 
inches, required the thickness of the piston. Here, according to the rule^ 
thickness of pistonts2 x 14-r7«4 inches. 

DIAXETSB OF CONMECTINO B0D8 AT MIDDLE. 

The following rule gives the diameter of the connecting rod at middle. 
The rule, we may remark, is entirely founded on practice. 

Rule. — To find the diameter of the ccwneeting rod at middle of the locomotive 
engine. — Multiply the diameter of the cylinder in inches by '21, The pro- 
duct is the diameter of the connecting rod at middle in inches. 

Example. — Reqmred the diameter of the connecting rods at middle 
for a locomotive engine, the diameter of the cylinders being twelve inches. 

For this example we have, according to the rule, 
diameter of connecting rods at middles 12 x '21 a2'52 inches, or 2| inches. 

DIAMETER OF BALL ON CROSS-HEAD SPINDLE. 

The diameter of the ball on the cross-head spindle may be found from 
the following rule. 

Rule. — To find the diameter of the ball on cross-head spindle of a locomotive 
engine. — Multiply the diameter of the cylinder in inches by '23. The pro- 
duct is the diameter of the ball on the cross-head spindle. 

Example. — Required the diameter of the ball on the cross-head spindle 
of a locomotive engine, when the diameter of the cylinder is 15 inches. 
Here, according to the rule, 

diameter of balls '23 x 15 «S*45 inches, or nearly 3) inches. 

DIABIETER OF THE INSIDE BEARINGS OF THE CRANK AXLE. 

It is obvious that the inside bearings of the crank axle of the locomotive 
engine correspond to the paddle-shaft journal of the marine engine, and 
to the fly-wheel shaft journal of the land engine. We may conclude, 
therefore, that the proper diameter of these bearings ought to depend 
jointly upon the length of the stroke and the diameter of the cylinder. In 
the locomotive engine the stroke is usually 18 inches, so that we may con- 
sider that the diameter of the bearing depends solely upon the diameter of 
the cylinder. The following rule will give the diameter of the inside 
bearing. 

RuLE.^ To find the diameter of the inside bearing for the locomotive engine. 
Extract the cube root of the square of the diameter of the cylinder in inches ; 
multiply the result by *96. The product is the proper diameter of the inside 
bearing of the crank axle for the locomotive engine. 

Example. — Reqmred the diameter of the inside bearing of the crank 
axle for a locomotive engine whose cylinders are of 13-inch diametert. In 
this example we have, according to the rule, 
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and diameter of bearinga 5*5289 x '96 «> 5*31 inches nearly i 
or between 5^ and 5) inches. 

DIAMETER OF PLAIN PART OF CRANK AXLE. 

It is usual to make the plain part of crank axle of the same seetiooal 
area as the inside bearings. Hence, to determine th^ sectional area of the 
plain part when it is cylmdrical, we have the following rule. 

Rule. — To determine the diameter of the plain part of crank axle for the 
locomotive engine. — Extract the cube root of the square of the diameter of 
the cylinder in inches ; multiply the resuJtt by *96. The product is the proper 
diameter of the plain part of the crank axle of the locomotive engine in 
inches. 

Example. — Required the diameter of the plain part of the crank axle 
for the locomotive engine, whose cylinders' diameters are 14 inches. In 
this example we have, according to the rule, 

14 -B diameter of cylinder in inches. 
196 a square of the diameter of cylinder. 
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and diameter of pUun part of crank axle s5*808 x *96 — 5*58 inches nearly, 
or a little more than 5^ inches. 

DIAMETER OF THE OUTSIDB BEARINaS OF THE CRANK AXIJb 

The crank axle, in addition to resting upon the inside bearings, is some- 
times also made to rest partly upon outside bearings. These outside 
bearings are added only for the sake of steadiness, and they do not need to 
be so strong as the inside bearings. The proper size of the diameter of 
these bearings may be found firom the following rule. 

Rule. — To find the diameter of outside bearings for the kcomotive engine. — • 
Multqdy the square of the diameter of the cylinders in inches by '396 ; extract 
the cube root of the product The result is the diameter of the outside 
bearings m inches. 

Example. — Required the proper diameter of the outside bearings for a 
locomodv« engine, the diameter of its cylinders being 15 inches. 
In this example we have, according to the rule. 
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Hence diameter of outside bearings 4*466 inches, or rery nearly 4) inches. 

DIAMETER OF CRANK PIN. 

The following role gives the proper diameter of the crank pb. It is 
obvious that the crank pin of the locomotive engine is not altogether 
analogous to the crank pin of the marine or land engine, and, like them, 
ought to depend upon the diameter of the cylinder, as it is usually formed 
out of the solid axle. 

Rule. — To find the diameter of the crank pin for the locomotive engine, ~- 
Mukiply the diameter of the cylinder in inchet by '404. The product it the 
diameter of the crank pin in inchee. 

Example* — Required the diameter of the crank pin of a locomotive 
engine whose cylinders* diameters are 15 inches. 
In this example we have, according to the rule, 
diameter of crank pin^lS x *404s6*06 inches, or ahont 6 inches. 

LENGTH or CRANK FIN. 

The length of the crank pin usually given in practice may be fbund 
from the flowing rule. 

Rule. — To find the length of the crank pin.'^Mtdtiply the diameter of the 
cylinder in inches by *2S3. Tlie product is the length qf the crank pine in 
inchee. 

Example, -^ Required the length of the crank pins for a locomotive 
engine with a diameter of cylinder of 13 inches. 

In this example we have, according to the rule, 

length of crank pin«13 x '233 a 3*029 inches, 
or about 3 inches. The part of the crank axle answering to the crank pin 
is usually rounded very much at the comers, both to give additional 
strength, and to prevent side play. 

These then are the chief dimensions of locomotive engines, according to 
the practice most generally followed. The establishment of express trains 
and the general exigencies of steam locomotion are daily introducing inno- 
vations, the effect of which is to make the engines of greater size and 
power : but it cannot be said that a plan of locomotive engine has yet been 
contrived that is free frt>m grave objections. The most material of these 
defects is the necessity that yet exists of expending a large proportion of the 
power in the production of a draft ; and this evil is traceable to the inade- 






quate area of the fire-grate, which makes an enormous rush of air through 
the fire necessary to accomplish the combustion of the fuel requisite ror 
the production of the steam. To gain a sufilcient area of fire-grate an 
entirely new arrangement of engine must be adopted : the fhrnace must be 
gready lengthened, and perhaps it may be found that short upright tubes 
of the kind employed in the boiler at page 68 may be introduced with 
advantage. Upright tubes have been found to be more effectual in raising 
steam t£m horizontal tubes ; but the tube plate in the case of upright tubes 
would be more liable to bum. 

We here give the preceding rules, in formula, in the belief that those 
well^acquainted with algebraic symbols prefer to have a rule expressed as 
a formula, as they can thus see at once ^e different operations to be per- 
formed. In the following formulas we denote the diameter of the cylinder 
in inches by D. 

LOCOMOTTVE ENGINE. — PARTS OP THE CYLINDER. 

Area of induction ports, in square inches »*068 x D*. 
Area of eduction ports, in square inches »' 128 x D*. 
Breadth of bridge between ports between ] inch and 1 inch. 

LOCOMOTIVE ENGINE. — PARTS OF BOILER. 

Diameter of boiler, in inchests* 11 xD. 

Ijcngth of boiler between 8 feet and 12 feet 

Diameter of steam dome inside, in inches « 1*43 x D. 

Height of steam dome b2^ feet 

Diameter of safety valve, m inches = D+4. 

Diameter of valve spindle, in inches »*07 6 x D. 

Diameter of chimney, in inches «aD. 

Area of fire-grate, in square feet = -77 x D. 

Area of heating surfiice, in square feet=»5 x D'-^2. 

Area of water-level, in square feet a 2*08 x D. 

Cubical content of water in boiler, in cubic feet » 9 xD'-r40. 

Diameter of feed-pump ram, in inches » *01 1 x D*. 

Cubical content of steam room, in cubic feeta9 x D'^40. 

Cubical content of inside fire-box above fire bars, in cubic feetcaD'-r4 

Thickness of the plates of boilers} inch. 

LOCOMOTIVE ENGINE. — DIMENSIONS OF SEVERAL PIPES. 

Inside diameter of steam pipe, in inches -i*03 x D*. 
Inside diameter of branch steam pipe, in inches »> '021 x D*. 
Inside diameter of the top of blast pipe«*017 x D*. 
Inside diameter of the feed pipes =» *141 x D. 

LOCOMOTITE ENGINE. — DIMENSIONS OF BXYBRAL HOTINO PARTS. 

Diameter of piston rod, in inches sD -7-7. 

Thickness of piston, in inches » 2 D — 7. 

Diameter of connecting rods at middle, in inches «■ '21 x D. 

Diameter of the ball on cross-head spindle, in inches a>*23 x D. 

Diameter of the inside bearings of the crank axle, in inches ■■ D6 x yTF, 

Diameter of the plain part of crank axle, in inches «*96 x y!^. 

Diameter of the outside bearings of the crank axle, in inches » ^-396 x D* 
Diameter of crank pin, in inches » *404 x D. 
Length of crank pin, in inches» *233 x D. 
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CHAPTER VIIL 



EXPEDIENTS FOR REGULATING THE VELOCITY, AND ASCERTAINING THE STATE AND 

EFFECTIVE POWER OF THE ENGINE. 



In most engines yet invented for developing mechanical effect from steam, 
there are great uregulaiities in the velocity of the engine unless some 
contrivance be added to equalise the action of the steam. In the land-engine, 
and in the marine-engine, the inequalities of velocity may be considered to 
proceed from two sources ; one, the unequal action of the mechanism of the 
engine itself, and the other the unequal resistances which the engine has 
to overcome. The piston does not' move with a uniform velocity up and 
down the cylinder. The velocity is greatest at half stroke, and gradually 
decreases towards the end of the stroke till it stops altogether, and finally 
returns in the opposite direction. When it is said that the velocity of the 
piston is so many feet per minute, it is at once inferred that this can only 
be the mean velocity, and that at the middle of the stroke the piston moves 
faster, and at the termination slower, than the specified velocity. But even 
if the piston were to move uniformly, the intervention of the crank would 
introduce irregularities into the velocity of the engine. The crank is 
certainly the best constructive expedient yet devised for deriving a rotatory 
motion from the reciprocating motion of the piston ; but, with all its advan- 
tages, it has the defect of not transmitting uniformly the pressure and 
velocity of the engine. Let it not be inferred from this statement that we 
intend to show the least favour to the exploded notion of the crank absorb- 
ing some of the power or mechanical e£fect of the steam. In a former part 
of this work we have shown at great length that the crank, like every 
other piece of machinery, transmits at every instant all the mechanicfd 
effect conmiunicated to it ; so that the only way in which we can suppose it to 
have an appetite for devouring power is by taking into consideration the 
friction of the parts connected with it But this is not inconsistent with 
our statement that the crank does not transmit the pressure and velocity of 
the piston uniformly. The mechanical effect transmitted by the crank at 
any instant is measured by the product of the effective pressure on the 
crank into its velocity at that instant ; and this is exactly equal to the 
mechanical effect generated at the piston at the same instant, as measured 
by the product of the pressure on the piston into its velocity. But then 
the velocity of the crank does not always bear the same proportion to the 
velocity of the piston, nor does the effective pressure on the crank always 
bear the same proportion to the pressure on Uie piston. The products are 
constantly equal, but the proportions of the elements constantly change ; 
and the effect of the intervention of the crank, if unredressed, would be to 
cause the velocity of the machinery driven by the engine to undergo incon- 
venient fluctuations. 

These irregularities proceeding fh>m the internal mechanism of the 
engine itself would leave the mean velocity unaffected. Supposing the 
amount of steam supplied, and the amount of resistance to be overcome, to 
remain constant, then, although the velocity would be different for different 
positions of the crank, still the average velocity throughout a whole revo- 
lution would remain constant If^ however, the amount of resistance to be 
overcome be changed, the average velocity will also change, unless the 
supply of steam be modified so as to suit the exigency. We may see the 
great variation of resistance which a marine engine has to sustain in a 
storm. Sometimes the paddle board is deeply immersed in the wave — at 
other times it is almost completely out of the water •, and in these circum- 
stances it is obvious that the average velocity of the paddle shaft will 
vary. Analogous variations are experienced in most of the applications 
of the land-engine. If a land-engine be employed to drive the machinery 
of a cotton mill, it will have to impart motion to all the spinning frames in 
that mill The operation of one or more of these may from time to time 
be suspended, and consequently the moving power wUl be relieved from 
a corresponding amount of resistance, and again the spinning frames offer 
different resistances at different times. These circumstances, it is obvious, 
must affect the mean velocity of the engine, unless some contrivance be 
added to modify the supply of steam so as to correspond to the amount of 
resistance to be overcome. If, under such circumstances, the energy of 
the moving power remains the same, the velocity with which the ma- 
chinery will be driven must be subject to variation, being increased 
whenever the operation of any portion of the machines usually driven by 
it is suspended ; and, on the other hand, diminished when any increased 
number of machines are brought into operation In fine, the speed will 
vary nearly in the inverse proportion of the load driven, increasing as the 
load is diminished, and vice vertd. 



Now in most of the applications of the steam engine, irregularity of 
velocity is considered to be a great evil, and every exertion is made to 
lessen it as much as possible. Indeed in all applications of machinery it if 
desirable, all other things being equal, to have the motion uniform. On 
this Tredgold remarks, very justly, ** An equable motion is desirable in 
almost every kind of machine, it being strained much more by an irregular 
desultory one, as well as the fabric that supports it, than when the motion 
is equable. The strength of the machine must be adapted to the greatest 
strains that occur ; but the quantity of work done is equivalent to the mean 
action only, and more is not performed by a desultory motion than by one 
at a mean rate, and uniform." But uniformity of velocity is more sought 
after in some of the applications of the steam engine than in others. In 
the marine-engine and the locomotive engine all the requisite uniformity 
is obtained by attaching two engines to the main shaft, and so adjusting 
them that the irregularities of the one engine partly counteract the irre- 
polarities of the other. The plan does not insure perfect imiformity, but 
It approaches to it as far as particular circumstances seem to require. 
In these engines no provision is made that the supply of steam should 
adapt itself to the amount of resistance to be overcome. A^n, in the 
common pumping engine, there is not so much urgent necessity for nni- 
fomiity of motion as in most other applications of the land-engine. Indeed, 
judging from practice, we may infer that the advantage to be gained by a 
greater uniformity in the velocity of the pumping engine is not sufficiently 
great to compensate for the increased expense incurred in providing and 
repairing a mechanism for redressing its inequalities. However, in many 
of the other applications of the land-engine, uniformity of velocity is the 
great object aimed at, and provision is made for approximating to it as 
closely as possible. 

We have pointed out two sources of irregularity of velocity ; one the 
peculiar internal mechanism of the engine itself, and the other the unequal 
resistances which it has to overcome. We proceed now to mention in 
detail the several remedies that have been proposed for redressing these 
inequalities : and first we proceed to mention those remedies which have 
been proposed for redressing the inequalities arising fh>m the peculiar 
meclumism of the engine itself. 



BEMEDIES TOR REDRESSING THE INEQUALITrES ARI8INO FROM THE 
MECHANISM OF THE ENGINE ITSELF. 

Before the improvements which Watt effected on the steam engine, it 
had never been employed for any other purpose save that of raising water 
by working pumps. All that was requisite for this, was an upward force 
capable of elevating the piston of the pump when loaded with a column of 
water. The piston of the cylinder, after it had made its downward stroke, 
was raised to the top of the cylinder by the preponderating weight of the 
pump piston and balance weight, and sometimes the pump end of the 
beam was made longer than the cylinder end. But in any case the 
only means employed for redressing the intermittent action of the moving 
agent was the preponderating weight of the pump end of the beam. These 
means are obviously very imperfect, and would be quite insufficient for 
obtaining that regularity of velocity which many of the modem applica- 
tions of the steam engine to the different arU and manufactures require. 
But great uniformity of velocity is not an all-important desideratum in the 
pumping engine. 

Watt's first improvements were all conducted with reference to the then 
prevalent application of the steam engine to pump water. His single- 
acting engine, like all the engines previously constructed, could only 
generate power in the downward stroke of the piston ; and its only advan- 
tage over its predecessors was, that it extracted more useful effect fh)m a 
determinate quantity of steam. The upward stroke of the piston was still 
effected by the preponderating weight of the pump end of the beam, but 
before the steam engine could be applied to other purposes than pumping 
water. Watt perceived that it would be necessary to drive the mwn beam 
both in the upward and downward stroke of the piston. As mentioned at 
page 16, he at first proposed to place a cylinder under each end of the great 
beam, so that when one of the pistons would be rising the other would be 
faUing, and as the cylinders were to be supplied ftom the same boiler, and 
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the ttetm to be condensed in the uune coDdenaer, he thoagbt [t probable 
that the tiro actioni on the beam ironid produce a reeular and unifarm 
motioiu This prqject was never carried into execution ; itvas entirely lop- 
idsDted by Che double-acting engine, which Watt ■oonafterwardiconitract^ 
But even although it had been caiiied into eiecnlion, it would obviooaly 
have come yeij far short of producing a perfectly uniform velocity. 

We have already mentionol, that in the marine engine and locomotiTe 
engine an approiiinatioD to uniformity of Telocity and unifonnily of pres- 
■ure it obtaiaed by putting two engines npon the same shaft, and so 
availing tbem that when the pialon of the one engine ia at ici maiimum 
Telocity, the piston of the other is at its ininiTTH Tm, uid nice veria. This i* 
effected b^ placing Ihe cranks at right angles to one another. The Telo- 
city obtained in this way is more nearly noirorm than when only one 
engine i* used, but, unless saained by a fly-wheel, the irregularities would 
be too great for many of the nice applicalians of the modem steam engioe. 
Another olyection to thie plan is, that it requires two engines, aud thus 
take* np more room, and offers more constructive difficulties, than if the 
requisite power were obtained from one engine only. These objections are 
to * certain extent obviated by an ingenious plan fl.r«l proposed by 
Mr. Mark Iiambard Brunei, and for which he obtained a patent in 18£3. 
In his plan, instead of using two cranlu, two cylinders are employed to 
giTe motion to the same crank. Thi< is effected by inclining tbe two 
cylinders to one another at an angle of about 90°, and causing them to act 
Dpon the same axle by means of their connecting rods. Ilie frame of the 
engine is of the form of an isoscelea triangle. The working cylinders rest 
npon the inclined sides, and the mtuo shall, upon the apei of Ihe triangle. 
The piitoD-rod is preserved in its rectilineal cotme by melal rollers 
mnning upon guide plates, which act a simihir part to the vertical guides 
in the common direct-action engine. Mr. Brunei stales that the aiis of the 
cylinders should be inclined to one another at an angle of 102°; having, 
■I he says, found that angle to be preferable to all others for transiriLtticg 
B rotatory motion to the aile from the reciprocating motion of the piston» ; 
but there seems to be do theoretical considerations which would lead us 
to prefer an angle of 102° to an angle of 90°, except that the weigbt of 
the {uatous and their connections presses only in a downward direction. 
Underneath each of the working cylinders is placed a small cylinder con- 
ttining the valve. The valves are wrought by eccentrics from the main 
(haft, and the steam is alternately admitted into one end of the workicg 
cylinder, and a passage opened for its escape at the other, as is the usual 
•rnngement. From Ibi* form of construction it follows, that when the 
piston of one of the cyliuders is at hslf-stroke, the piston of the other is at 
(he teratinalion of its stroke, or nearly so ; and thus the irregularities of the 
one cylinder partly connleracl the irregularities of the other. It is obviouB, 
however, thai this engine, whatever may be its peculiar advantages in 
other respects, will tail in obtaining any greater regularity of velocity than 
is obtained in the more nsnal cooslruclion, by placing two marine engines 
or two locomotive engines upon the same shaft— a motion which of itself 
is Ino irregular for many of the modem applications of the steam engine. 

When die expansive principle is employed in an engine, it involves the 
MItdilion of a variation in the intensil^ of the moving power. If the steam 
acts with a uniform energy on (he piston as long as the supply from the 
boiler rontinaes, so soon as that supply is stopped by closing the steam 
valve, the steam contained in (he cylinder will fill a gradually increasing 
volnme by the motion of the piston, and consequently will act above the 
piston with a gradually decreasing energy. Now, if the resistance to the 
moving power be not subject to a variation corresponding exactly to this 
variation in the inoving power, the result will be that the motion will cease 
to be uniform. For if the momenlum of Ihe moving power at any part of 
the stroke be greater than the resistance, the motion of Ihe machinery will 
be accelerated ; and if it be less, the motion of the machinery will be 
retarded. Hence the application of the expansive principle will introduce 
irregularities peculiar to itself. In the patent which Watt took out for the 
applicstion of Ihe expansive principle, be specified several expedients for 
■pproximatinft to a uniform effect opon a auifbrm resistance, nolwiibsland- 
iug the variation of Ihe energy of (he power which necessarily attended 
the expansion of the steam. One method consisted in causing the moving 
force, when acting with the greatest energy, to impart momentum to a mass 
of inert matter, which should l>e made to restore the same force when the 
moving power was more enfeebled. Another expedient consisted in 
causing the moving power, when acting with greatest energy, to lift a 
weight hung considerably above the centre of the beam which should resist 
the ascent of Ihe piston at the beginning of the stroke, but aid its motion 
as soon as the beam passed the horizontal line, when the weight, like a 
tumbler, would pass its centre of gravity. He also proposed to make the 
piston act on a lever, which should have an arm of variable length, and so 
regulated, that when the momenlum of Ihe movirg force increased or 
diminished, the length nf the srn) diuiinlsheil or increased in the same 
proportion. This iasl expedieni bad been already applied in mechanics for 
the purpose of equalising s varying power, and a familiar example of its ac- 
tion occurs in Ihe inlenial mechanism of a watch When a watch is oewl^ 
wound up, Ihe force of the spring is mui'h fn'ealer iban when the watch is 
neuly run down; so that if the force of the spring always acted at the 
same leverage, a very unequal velocily wonld be produced. The irregu- 
larin, however, is counteracted by the varying diameters of the grooves 
of the fiuee, on which the force of the sp'ring, through the interventioii 
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of the chain, acts. As the watch goes down, the nuin-spring rclaEes, and 
its force diminishes ; but then the chain acts upon a wheel or circle having 
a diameter increased in the same proportion as the strength of the spring 
is diminished. This expedient, however, has never been successfully em- 
ployed to regulate the action of the moving power of the steam engine ; 
and it does not appear to be as practicable a scheme u that of banguig m 
weight above the centre of the beam. 

The following ingenious expedient for equalising the action of the steam, 
in the engine, was first suggested by Mr, Buckle of Sobo, and constructed 
by him for Mr, Lucy of Birmingham. It acts npon the principle of 
causing the engine to drag np a piston against the pressure of the atmo- 
sphere when the energy of the moving power is above the average < the 
power thus consumed being returned to the enpne by the atmosphere 
forcing down the pi»lon when the energy of the moving power is below the 
average. The manner in which this is accomplished may be eaaily under- 
stood f^om the accompanying figure. P represents the piston in the cylinder. 




LL the great beam. Lit the connecting rod, RO the crank, and ItWWW 
a toothed wheel carrricd round by the crank. These are all the same as in 
the common steam engine. There is added r id loir, a smallerwheel, whose 
diameter is only one half (hat of the larger, and consequently it has only 
one half the number of teeth. The small wheel will obviously perform ■ 
half revolution whilst the large wheel perfbrms a quarter revolution. 1/ is 
a second lever, driven by the crank of the small wheel, to which it is 
attached by means of its connecting-rod. The piston-rod /H is attached 
to the small lever /', canring with it a piston from top to bottom of an open 
cylinder H. At the points marked 1, 2, 3, 4, the circumference of the 
great wheel is supposed to be divided into four equal quadrants. Suppose 
now that Ihe figure represents the state of the engine when Ihe piston is 
ascending. Whilst the crank moves from its present position to the 
position corresponding to 3. the small wheel will have performed a semi- 
revolution, and the piston 11 will have ascended to the lop of the open 
cylinder, leaving a vacuum behind it. The piston H has been drag)^ np 
against the pressure of the slmospbere, and this has consumed so much of 
the power t^ the engine. This power, however, is not lost — it is only lent : 
for while the crank moves from the position S to the position 3, the pressure 
of the air forces down the piston, and then the mechanical power is given 
hack to the large wheel. Again, whilst the crank moves from the position 
3 to Ihe position 4, the piston H has to be dragged up to the top of the 
cylinder. Finally, whilst the crank moves from the position 4 to the 
position 1, the pressure of tbe air forces down the piston of the open 
cylinder. Thus all the power consumed in dragging np the piston 
against the pressure of the atmosphere, whilst the crank moves from 1 to 
3 andfhim 3 to 4, is fkithfiilly given out to thewheel whilst the crank moret 
from S to 3 and from 4 to 1. By this arrangement the engine is made to 
lay up, OS il were, a store of power when tbe moving force is acting with 
greatest energy, and this store is employed to assist it when the moving 
force is acting with least energy. Tbe pressure of the atmosphere is very 
adroitly converted into a sort of reservoir, in which is deposited the anrplos 
power genenited while the crank moves from 1 to 2, and from 3 to 4, to 
be withdrawn in order to supply the deficiency whilst the crsnk movrs 
from s to 3 and from 4 to I. Let A denote the number of square inches 
in the piston H, and h tbe number of feet m the diameter of the small 
wheel : then tbe power necessary to drag the small piston from the bottom 
of Ihe cylinder to the top, exclusive of the friction, is represented by a 
mechsnical effect of ISxAxAlb. raised one foot high. Hence, the 
total effect of this pneumatic pump is equivalent to causing the engine to 
raise 15 x a ■ A lb. one foot high whilst the crank is passing the quadrantal ' 
points, and allowing that weight to fall whilst the crank is passing the 
line of the centres. At the first consideration we may perhaps inlbr that 
there wonld be a sudden change of velocity and pressure when the muill 
pinoo had arrived at the lop or the bottom of its siroke ; but a little mote 
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attention will convince ns that tlie change is gradually introduced by the 
peculiar relation of the -wheels to one another. In the position represented 
in the fignre, the crank moves a certain distance past position 1 without 
raising the piston to any great extent. As the crank descends to the 
quadrantal point, in which position most power is generated, the crank of 
the small wheel descends to its quadrantal point, in which position the 
pressure of the atmosphere on the piston H, offers the greatest resistance 
to the motion of the wheel. After the large crank has passed its quadrantal 
point, the energy of the moving power begins to lessen, and at the same 
time, the small crank having passed its quadrantal point, the motion of the 
small wheel is less retarded by the pressure of the atmosphere on the piston 
H. When the large crank approaches to the position 2., the small crank 
approaches to the lowest part of its revolution, where the pressure of the 
atmosphere on the piston H, offers little opposition to the motion of the 
small wheel. It is unnecessary to examine the action of the pump through* 
out the whole revolution of the wheel, as it would be only a repetition of 
the process for a quadrant But we see that, by the peculiar connection of 
the wheel, the pressure of the atmosphere acts at one time as an accelerating 
force, at another as a retarding force ; that the change is not abrupt, but 
gradual ; that it acts most efficiently as a retarding force at the very 
moment that the energy of the moving force is greatest, viz., when the 
large crank is passing the quadrantal points ; and finally, it acts most 
efficiently as an accelerating force at the very moment that the energy of 
the moving force is least, viz., when the crank is passing the line of the 
centres. In fkct, this pneumatic equaliser approaches more closely to 
theoretical perfection, than any expedient ever proposed for equalising the 
action of the engine. It may easily be shown that the equalisation of the 
effective pressure on the shafts is more efficient than tiiat obtained by 
nsing a pair of engines, and certainly it is much less complicated and 
expensive. The superiority is still more manifest when we consider the 
reg^ularity of velocity which it in practice has been known to introduce. 
The principal objection against the expedient is that the toothed wheels 
are very bad constructive expedients, as they cause considerable friction, 
and the teeth are apt to break and to throw the whole into disarrange- 
ment But it is obviously not impossible to obtun the same result by a dif- 
ferent mechanism. All that is essential is, that the shaft on which the 
small wheel is placed, should make two revolutions for each revolution of 
the main shaft Can this only be effected by the clumsy expedient of two 
toothed wheels working into one another ? Several ingenious expedients 
have been proposed for enabling one shaft performing a certsdn number of 
revolutions per minute to drive another shaft so as to make more revolu- 
tions per minute without connecting them together by tooth gearing ; but 
it would take up too much of our space to describe them here. We may 
only refer to one which is applied in Smith's direct action engine, a plate 
of which we have given in this work. This expedient enables the main 
shaft to drive a second shaft with a double velocity ; the very thing which 
is required for Buckle's pneumatic equaliser. We may remark that ex- 
pedients for multiplying velocity are invested with additional interest at 
present, from the introduction of the screw propeller. Before a sufficiency 
of resistance can be obtained from the screw propeller, it must be made to 
perform more revolutions per minute than the paddle-shaft, in the more 
common construction. This new problem is at present exercising the 
ingenuity of many of our engineers. 

To demonstrate the practical efficiency of Buckleys equaliser, we may 
instance the great success which has attended its application. The following 
is Mr. Scott Russeirs description of the circumstances which first led 
to its adoption, and the complete success with which it was crowned : — 
** Mr. Lucy had constructed at Birmingham a flour-mill driven by steam, 
and it had been bis object to obtain perfection without any limitation of 
expense. He had got one of Boulton and Watt's best steam engines, and 
yet he found that his mill neither produced such perfect flour nor moved 
so smoothly as mills driven by water. On the contrarv, it was found that 
the irregularity of the motion produced a larger quantity of coarse than of 
fine flour, at a mercantile loss to the owner ; and it was likewise found that 
the irregular propulsion a Urgo interfering with the uniform motion, 
towards which the millstones tended by their own momentum, produced a 
clanging reciprocation along the whole line of toothed gearing, which was 
most injurious, and rapidly destructive to the toothed wheels. When we 
visited the spot in 1838, the ruins of former wheels, most unequally worn 
and totally destroyed, were strewn about the yard. The usual plan of in- 
creasing the weight of the fly-wheel was resorted to without success, and Mr. 
Lucy applied to Mr. Buckle to propose a remedy for the evil. This remedy 
Mr. Buckle found in the very simple contrivance of a pneumatic pump. In 
the mint at Soho a pneumatic pump had been introduced by Mr. Watt, for 
the purpose of producing a reaction, on the principle of the experiments of 
Otto Gucricke, which we have already described. The force of the steam 
engine was made to draw up a piston from the bottom of a cjlinder, leaving a 
vacuum below it Into this vacuum the piston was again carried down, after 
the action of the steam had ceased, by the whole force of the atmosphere, 
amounting to about I5lbs. on every inch of its surface. Thus the atmo- 
sphere was rendered a reservoir of power, the power being first of all taken 
up by forming the vacuum, and again given out by the atmosphere pressing 
the piston down into the vacuum. So perfect was the action of this 
mechanism that the fly-wheel had been wholly removed, and the engine 
and the whole mill-work were moving in the most smooth and effective 



manner. It was found that the ehange enabled them to give all the 
grinding stones a greater velocity than formerly, so that the quantity 
ground was greater, in the proportion of 56 to 52, and the quantity of the 
finest or first flour, from the same wheat, was likewise much increased ; 
so that, both by quantity and quality, the owner of the mill was now able 
to command the market. The same motion has subsequ^itly been applied to 
cotton mills with perfect success, the quality and the quantity of yam 
produced being much improved." 

The last expedient for equalising the action of the steam which we shall 
notice, is that known as the fly-wheeL The fly-wheel derives all its 
efficacy as an equaliser of the action of the steam from the principle, that 
a large mass of matter offers great resistance to a change of motion. In 
a common double-action engine, the steam loses all energy as a moving 
power for driving the machinery when the crank is passing the line of the 
centres, and a person not familiar with the laws of matter might conclude 
that the engine would come to a stand-still, unless some moving force were 
applied at these critical positions. It is well known, however, that the 
momentum of the moving parts of the machinery will supply a force suffi- 
cient to force the crank over the centre, although with a diminished velocity. 
The momentum of the moving parts acts therefore to a certain extent as a 
regulator of the action of the steam, and the addition of the fly-wheel 
only promotes regularity of velocity in so far as it increases this 
momentum. The moving force of a body in motion is estimated by the 
product of its mass into its velocity. If^ therefore, we wish to regulate 
the velocity of an engine, by increasing the momentum of its moving parts, 
we have only to connect with it some large mass that it moves with 
great velocity. Such a mass is the fly-wheel : it is made of lai;ge dia- 
meter, so that its rim revolves with great rapidity ; and the rim is made of 
great weight, it being generally construct^ of cast iron. It is obviona 
that the same unount of momentum may be obtained by other forms of 
construction ; but the wheel possesses three advantages peculiar to itself^ 
which entitle it to the preference: it consumes no power by friction ; it 
suffers but little resistance to its motion fh)m the air ; and, finally, it can 
be so exactly poised on its axis as to cause little strain on the machinery. 

When the piston ia at half-stroke, the energy of the moving force 
is at its maximum, so that at this time more mechanical effect is gene- 
rated than the usual resistance can appropriate. The surplus me- 
chanical effect is expended in quickening the velocity of all the moving 
parts of the machinery. But the greater the mass of a moving body, the 
more opposition does it offer to a change of motion ; so that the large mass 
of the fly-wheel absorbs the surplus mechanical effect without any great 
change of velocity. As the crank approaches the dead points, the Sffect 
of the moving power upon the axle and the wheel is gradually enfeebled. 
The defect can only be supplied by abstracting some of the momentum 
of the moving parts, and in these circumstances the large mass of the fly- 
wheel can give out the sufficient quantity of momentum without any con- 
siderable change of velocity. The mass of the fly-wheel is thus converted 
into a reservoir for receiving the surplus power at one time, and giving it 
out at another. It is obvious, however, that the equalisation of the motion 
produced by the fly-wheel is partial, and can never be theoretically perfect 
The fly-wheel acts as a receptacle of momentum, and as matter can only 
receive momentum or give out momentum by a change of velocity, its 
agency as an equaliser presupposes a slight change in the velocity of all the 
machinery. The motion of revolution received by the main shaft is 
always subject to a variation corresponding to the amount of change of 
momentum in the great mass of the fly-wheel sufficient to extricate the 
crank twice in every revolution firom its critical position while passing the 
line of centres ; but this change can be rendered smaller and smaller by 
increasing the weight and magnitude of the fly-wheel. Buckle's Pneumatic 
Equaliser acts upon the principle of increasing or diminishing the resist- 
ance according as the energy of the moving force increases or diminishes ; 
the fly-wheel, on the other hand, acts upon the principle of increasing the 
momentum of the moving parts of the machinery, so that when the energy 
of the moving force is greater or less than the resistance, the surplus may 
be absorbed or the defect supplied without any sensible change in the 
motion of the whole. The former is capable of ueoretical perfection ; the 
latter must necessarily fall short of that perfection, though it may be made 
sufficiently near it for practicable purposes. 

We proceed now to mention the considerations upon which we have 
founded the rule given in page 157 for proportioning the size of the fly- 
wheel to the length of stroke and the diameter of the cylinder of the 
engine. It is to be remembered that in proportioning a nj-wheel to a 
given engine, attention must be paid to many particular circumstances 
which we have neglected in the general rule. Attention must be paid, for 
instance, to the degree of regularity which the particular application of 
the engine requires ; for although uniformity is always desirable, it is of 
much greater importance in some cases than in others. Again, the efficacy 
of the fly-wheel in producing uniformity of velocity is materially modified 
by the nature of the machinery which the engine is employed to drive. If 
the machinery consist of large masses in revolution, such as the millstones 
in a flour-mill, the agency of the fly-wheel will not be so much needed, as 
these masses will tend to uniformity of revolution by their own momentum. 
In fact, properly to proportion the fly-wheel, we ought to have regard not 
only to the momentum of the fly-wheel, but also to the momentum of the 
other moving parts of the machinery. But the latter cannot be attended 
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to in a general rule, whica can only giye the proportions of the fly-wheel 
such that, although different engines are employed to drive the same sort 
of machinery, the same degree of equalisation will he . obtained. It is 
ohvious that the proportion between the power which is generated in the 
cylinder during one half<-stroke, and the power which must be resident in 
the fly-wheel to constitute it an equaliser, ought to be the same in engines 
of all sises, in order to produce the same approximation to uniformity of 
motion. For although the energy of the moving force varies, still, when 
the engine is making the usual number of strokes per minute, the total 
mechanical effect generated during one half-stroke is exactly equal to the 
mechanical effect consumed during the same time by the resistance offered 
to the machinery, and by the friction of the different moving parts ; and 
therefore the fly-wheel has only to do with the amount of variation, which, 
in engines of the same construction, has always a constant ratio to the 
mechanical effect generated during one half-stroke. Before, however, we 
can compare the power resident in a fly-wheel with the power generated 
during one half-stroke of the engine, we must have some way of estimating 
the amount of power treasured up in a moving body when we know its 
mass and velocity. It is familiar to the observation of every one, that it 
requires the exertion of some force, either to bring a body at rest to a state 
'>f motion, or to reduce a body in motion to a state of rest All writers on 
mechanics state the following general law, founding it upon observation : — 
** Matter never changes its state of rest, or its state of motion, without the 
exertion of some extraneous force upon it.'* A ball in motion has in itself 
a certain moving energy, which, on the application of the proper machinery, 
can be extracted from it, and made to produce a useful effect. This 
moving energy has been put into the ball by some extraneous agent ; and 
it would contmue in the ball for ever, or at least as long as the present 
laws of matter exist, unless some extraneous force, such as the resistance 
of the air, be applied to extract it It is to be remarked, also, that it 
requires the exertion of as much power to reduce the body in motion to a 
ftate of rest, as it did to bring it from a state of rest to its present state of 
motion. It is found from observation, that if two balls moving in opposite 
direction! impinge against one another, they will be brought to rest if their 
weights or masses be inversely as the velocities with which they move ; 
or, in other words, if the product of the weight of one of the balls into its 
velocity be equal to the product of the weight of the other ball into its 
velocity. It is this product which scientific writers understand by the 
term momentvn. For our present purpose, however, it is necessary to 
estimate the moving energy of a body in motion b^ the mechanical effect 
which it can produce, or Uie number of pounds which it can raise one foot 
high. This is a more tangible standard of measurement, and will be more 
easily apprehended by those who are familiar with a simihir method of 
estimating the power of a horse, or of a certain quantity of steam. With 
reference to this standard we now proceed to prove the following pro- 
positioQ: — 

A body ofPlh, weighty novina with a velocity ofv feet per second^ has a 
mooing energy whose mechanicci effect is P x {v -i-Sy lb. raised 1 joot high. 

For, let A denote the height in feet through which the body has to fall 
in order to acquire the velocity o, by the action of gravity. Then we 
know, from the laws of falling bodies, that A = t;*-i-64 = (i;-^8)', and the 
hall will have a mechanical effect treasured up in it = P x A:= P x (v-r8)' 
lb. raised one foot high. Now, as the moving ball will possess the same 
amoimt of energy however the Telocity is acquiredt it is obvious that, in 
general, a ball of P lb. weight, moving at the rate of i; feet per second, 
has treasured up in it a mechanical effect of a Px(i;-r8)* lb. raised one 
foot high. 

Example 1. Required the mechanical effect treasured up in a ball of 
30 lb. weight moving at the rate of 12 feet per second. 

In this case the mechanical effect treasur^ up in the balls 30 x (12-^8)' 
^67) lb nused one foot high. 

Exampie 2. Required the mechanical effect treasured np in a cast-iron 
fly-wheel, whose mean diameter is 30 feet, sectional area of rim 60 square 
inches and making 20 revolutions per mmute. 

Before solving this, it will be necessary to calculate the velocity of the 
rim in feet per second. The diameter of the wheel bemg 30 feet, the 
circumference of the wheel = irx 30 = 94*248 feet; and as the wheel 
makes 20 revolutions per minute, the velocity of the rims94*248x20 
*- 1 884*96 feet per minute. Hence v » velocity of the rim in feet per second 
» 1 884*96 -r 60 » 3 1 *4 1 6. Again, the cubical content of the rim » sectional 
area x circumference -• 60 x 94'248 -M44 i=: 5 x 94*248 -r 12 » 5 x 7*854 
» 39*27 cubic feet, and the weight of a cubic foot of cast iron » weight of 
cubic foot of water x specific gravity a 62^ x 7J « 453) lb. ; so that the 
weight of the rim=39'27 x 453| lb.a 17794*22 lb. Hence the mechanical 
effect treasured up in this fly-wheel « 17794**22 x (3r4l6-r8)'» 17794*22 
X (3-927)« « 17794-22 x 15*42 = 274386*87 lb. raised 1 foot high. The 
nominal horse-power of an engine represents a mechanical effect of 33,000 lb. 
raided I foot high per minute, so that this fly-wheel possesses within itself 
more mechanical effect than is expended by an engine of eight-horse 
power upon its resistance for one minute. This is entirely independent of 
tthe mechanical effect treasured up in the arms of the fly-wheel, and in 
the other moving parts of the machinery. 

In a common double-action engine constructed on Watt's principle, the 
effective pressure of the steam on the piston is about 7 lb. per square inch. 



Hence, if S» length of stroke in feet, D^diameter of cylinder in inchest 
and m= ratio of the average mechanical effect treasured up in the fly- 
wheel to the mechanical effect generated during one half-stroke, then the 
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total mechanical effect usually resident in the fly-wheels 7 x-xmxD'x- 

»7irmD'S-^8lb. raised one foot high ; and for any particular case, 
we must determine the sectional area so that for a given diameter of fly- 
wheel, and for a given number of revolutions, the average mechanical 
effect shall equal this. In practice, the average speed of the piston 

= 128^S feet per minute, and therefore, if the fly-wheel makes one revo- 
lution for each double stroke of the engine, the number of revolutions per 

minute»128^S-r2 8=64-^8^; but if the fly-wheel makes n revolutions 
for each double stroke of the engine, the number of revolutions per minute 

= 64 » -r S ^. Let d denote the diameter of the fly-wheel in feet Then the 

circumferences IT r/, and the velocity in feet per minute=sir(f x 64ii-rS^ 

a 
and the velocity in feet per second — I '06 nirtf -s- S^. Let now A « area of the 

rim in square inches, and 8= the specific gravity of the body as compared 
with water. Then the content of the rim in cubic feet»ir(f A-i-144 ; 
and the weight of the rim in lbs. a ir cf 8 A x weight of a cubic foot 
of water in lb. -r- 144 =sir<f8A x 62^ — 144 =t</8 A x*434. Hence the 
mechanical effect in lbs. raised one foot highmrfiSA x *434 x (v-rS)" 

=ir<f8A X -434 x (*13nirt/-rS')*« 00771 n«w« 8rf»A^si So that, to 
determine A, we have the equation 

•0077ln«ir«8</»A 7irmD»S; 



or, 



or, 



A 



2 
•06168 x»«ir«8rf»A«7mD"S'; 



•O0881ii'ir«8d»A=mD»S"x ^S} 
or, substituting the value of »«= (3*1 4 1 6)" =9*8696^ 

•0&69n«8d3A«mD«S"x <yS; 
and therefore, _ 

71 D"S»x^S 



A=r 



0869 n« 8 



d* 



m D«S"x^S 

= 11*507 X -Tix -ji . 

vro or 

In this equation the number denoted by m remains to be determined. 
As we said previously, this number regulates the degree of uniformity of 
velocity obtained by the action of the fly-wheel. Some theoretical consi- 
derations might here be advanced, which might enable us to estimate the 
value of m corresponding to any particular amount of variation of velocity. 
Supposing that we knew the law according to which the pressure on the 
piston, and the velocity of the piston, at different parts of the stroke, var^*, 
we should have to calculate how much surplus power is generated during 
the favourable circumstances, and the deficiency of power generated during 
the un&vourable circumstances, and then inquire what must be the value of 
m, in order that the storing up of the surplus power in the fly-wheel rim at 
one time, and the withdrawing of that power to supply the deficiency at an- 
other time, would cause the velocity to vary only within the proposed limits. 
This could easily be solved if we neglected the variation of resistance conse- 
quent upon a variation of velocity, and knew accurately the law according to 
which the pressure on the piston and its velocity vary. Instead of this, how* 
ever, we propose to determine m entirely fh>m practice. Indeed, the dimen- 
sions of ny-wheels which will have energy enough to produce a sufficiently 
regular motion for the purposes of mani^actories, has been determined by 
long experience, more decisively than could be done by theory. It will be 
found by observation of engines of all sizes, that the energy of the rim of the 
fly-wheel is usually between three and four times the power generated during 
half a stroke. In other words, if the engine were only employed to g^ve 
motion to the fly-wheel rim, and had not to overcome some uniform resist- 
ance, it would require between three and four half-strokes of the piston to 
urge the wheel A'om its state of rest to the state of uniform motion with its 
average velocity. In engines working in copjunction, so that their cranks 
are at right angles, a smaller fly-wheel than usual will suffice ; and in 
many of the engines manufactured by Mr. Fairbaim, of Manchester, and 
others, a heavy spur-wheel on the crank shaft is the only fly-wheel cm- 
ployed. In engines, too, working at a very high speed — and land engines 
may be made to work at twice the usual speed with advantage — a very 
small fly-wheel will answer, or in the case of coupled engines driving mill- 
stones or other large masses of matter in rapid rotation, or in the case of 
single engines provided with a pneumatic equalizer, it may be dispensed 
with all together. If the speed of an engine be doubled, a fly> wheel of 
one fourth of the ordinary weight will produce the same effect as a common 
fly-wheel with the engine movmg at the usual velocity. We here subjoin 
some standard examples of Boulton and Watt's engine, which show that 
m, or the proportion between the energy of the rim of the flj-wheel and the 
power exerted by the piston during one half-stroke, even m those engines 
varies considerably 
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It irill be obwried tbat the value of n Tsries, in t}ie«e eiimplei, from 
the minimom Tslue, S-fi,to the maiimum value, 4'16. It maybe obserred, 
alto, that the value of r depend! upon the natnre of the macbiiiery which 
the engine haa to drive. Thus vhea the engine ia employed to drive large 
roUing-atonea, the valne of ri ia only 2-6, for these atonea act of themaelvea 
Bi fly-wheels. At the Albioo flour-mills, vhcre each iboft had to drive 
fire purs of mill-nonea, the value of m waa 2'77 ; but it wna fbund, apon 
calculation, that theie mill-atones acted at efficiently of themselves as a fly- 
wheel for which m-a-9; so that the effective value of ni = 2J7 + 2-9 = ,'>-67. 
The largest value of m id these enamplea is 4-lE, which obtaina to the 
engine erected by Boullou and WatI at a dye-honse in London. Tbis 
large value was necessary because the machinery driven had very little 
momentuni of its own, and because in that case great regularity of velocity 
was considered neceasary. In the preceding examples Ihe mean value of 
■I il 312. For more modem examples the average value of m ia greater. 
Perhaps the average value of m for modern engines ia3-3 = 3J. M't shall 
taken^aj; for we think it better to err in eicesa than in defect. Forthia 
value the equation becomes 

431.11 lygxyS " 

He conitant i haa different value) for different materiala : 

for malleable iron 3^ 7'63. 

for cast iron t= 7-05. 

And for theK different values our equation becomes, EucceHivel; 

A = — j- K Tj , for malleable iron, 

, 6125 D'S'xi'S", 

A — —J- * ji — -, fbr cast iron 

In general the fly-wheel makes one revolution for each double ttroke of 
the engine, so that n^l. Taking this value of r, it will be seen that the 
formula fbr the sectional area of rim, when constructed of cast iron, ia 
identical with the ctile given for the same purpose in page 157. 

Flj-wbeels ore sometimea employed for other purposes than merely 
regulating the velocity of the steam-engine. Whenever the employment 
of an engine is such that an enormous force i* required to act onlj 
(br short times, such aa when it ia employed for rolling iron, or for 
(tamping coina, then an enormous fly-wheel ia attached to the engine, 
which abaorbs the power generated when the resistance is removed, and 
gives it all the force at once at the proper moment. In these cases, the 
mass of the fly-wheel rim is generally much greater than when the fly- 
wheel ia only employed to regulate the velocity, in order that the momenta 
may be accumulated without incoovenieotly increasing the velocity. In 
some caaes the value of m is as great as 50 ; so that Ibe energy of the fly- 
wheel would be (50.^31 = !.■!) thirteen times greater than what the propor- 
tions given by our rule would make it. Fly-wheels moving at a great 
velocity should always have malleable iron arms, and the ring should be 
east in a piece, aod may be hooped with malleable iron with advantage. 

TBB INBQDlLITIEa ( 



By the expedients which we have mentioned fbr equalising thevelocity 
of the engine, the motion imparted to the main shaft will approiimale to 
uniformity, provided that the moving power of the engine be always pro- 
portionate to the load which the engine has to drive. But it ia obviona 
that in the general application of the steam engine to the purposes of manu- 
facture, provision must be made for a considerable variation of the amount 
of resistance. If, while the amonnt of resistance vox changed, the energy 
of Ihe moving power remained the same, then the velocity would also 
change, increasing as the resistance diminished, and diminishing as the 
reustance increased. It is obvious that an expedient 



inequalitiea arising {torn this sonrce nay act upon the principle of regn* 
laling the supply of steam from the boiler. The elastic force of the steam 
is the moving agent of the whole machine; so that if we wish to keep the 
mean velocity ronblonl, we must regulate llie supply of steam to the amoimt 
of resistance to l>e overcome. The simplest contrivance for this purpose is 
represented in fig. 22, at page 18. of thia work. This contrivance is weU 
known under the title of the tubottle valte ; so called from ita agency 
in culling off the supply of steam by throttling it in the steam pipe. It 
consists of an aiis placed across the ateam pipe so aa to fbrm the diameter 
of a scciinn of Ihe pipe, and on this axis is fixed a thin circular disc Z, 
of nearly the same diameter as the inside diameter of the steam pipe ; so 
that when the axis ia turned to a certain position, the supply of ateam is cut 
off altogether. On on> end of the axis is placed a ahort lever or handle 
Zw, by which it can be turned in either direction. When the handle it 
tnmed so that the plane of the disc is nearly at right angles to the direction 
of the steam pipe, the pasaage within the pipe is closed altogether, and 
no Eteam can find admission to the cylinder. On the other hand, when 
Ihe handle is turned about a fourth c^ a complete revolution from this 
position, the plane of Ibe circular disc wiU then be in the direction of Ibe 
length of Ihe pipe, so aa to offer little or no opposition to the passage of 
the steam. By turning the handle to any other angle, the disc may be 
made to offer any required degree of opposition to the paaaoge of the steam. 
In ibe woodcuts referred to Ihe valve ia represented in an intermediala 
position betwixt its position when the steam is cut off entirely, and 
its position when Ihe steam is allowed to pass freely. A view of the valve 
as seen by a section of the steam pipe, is represented in one of the parts of 
fig- 22., and a section of it through the axis of the steam pipe is represented 
in the oilier. The form of the valve is obviously such that, if constructed 
accuratvly. the pressure of the steam in passing from the boiler will have 
no tendency to change any given position of the valve. If constructed 
accurali'lv, Ihe qnantity of surface on both sides of the axis is equal, and 
therefore' the pressure of the steam balances itself on the axis, so tbM it can 
have no tendency either to change the valve from ita eiistiag position, 
or to oppose the effect of a pressure upon the handle. Any sQght in- 
accuracy ill Ibe construction of the valve, which would give the ateam a 
capability of changing its position, would be counteracted by Uie fiictum of 
Ihe valve on its axis. 

By tbis expedient the variations of the velocity of Ihe engine, consequent 
upon the inequaliiies of resiatance which the engine has to overcome, may 
be remedied. If the load on the engine be lightened, then, the supply of 
the steam continuing the same, Ihe motion will be immediately accelerated, 
but the tendency will be counteracted if the attendant workman turn ronnd 
the handle, so as partially to close the valve. li; on the other hand, the 
' ' ' led, then, the supply of the Ifeam continuing 






the same, Ihe motion will be immediately retarded. To o 
the attendant workman must turn round Ihe valve, so as to ai 
supply of steam. By the adoption of these means the mean velocity o 
engine would be rendered nniform, provided the vigilance of Ihe atlendant 
workman were sufficient for the due management of the valve, and provided 
that the evaporaling power of the boiler continued in sufficient activity to 
supply the greatest amount of steam which would ever be necestarj tot 
the maintenance of the mean velocily when the valve was full; open. 

For some purposes engines are thus regulated by hand at the' pleasure 
of the attendant workman. In general, however, the proper manipulation 
of the handle is impracticable with any degree of vigilance and skill whkh 
could be obtuaed from the persons etnployed to attend Ihe engine. Before 
Ihe steam engine could be employed in those cases trhere great onifbrmilj 
of velocity is reqtured, it was necessary that means should be found for 
enabling the engine itself properly to manipulate the valve without any 
care or attention on Ihe part of the attendant workman. Watt, after trying 
several expedients, fixed upon the conical pendulum or governor as the 
best adapted for this purpose, the principle of which has already been 
explained at page IB. 



In the mechanism of ihe governor as represented in /ig, !3. , £ E repreaent 
two heavy balls of iron, which are suspended from the point t by auitable 
arms. These bars cross one another at e. forming a joint tbere, and iu« 
continued to / At / these bars are joined by pivots to other bars fk, 
which last fit into a ring or collar of melal at F, placed on Ihe upright 
spindle, so as to be capable of a motion upwards and downwards. The 
lever FGHrcKts upon a bar at G as fulcrum, and is connected to the ring 
of metal at F by means of a forked end inlerposed between two collara on 
the aliding piece. In tbis species of connection it is obvious that the ring of 
metal may revolve with the spindle without moving the lever, but that it 
cannot move upwards or downwards on the spindle without at the aame time 
depressing orraising Ihercmote extremity, H, oflhe lever. The ban Ery 
paas through slits in a metallic arch, which is firmly fixed to Ibe upright 
tpindle, so that the balls, the arms, and the spindle must all revolve at the 
aome lime. I^ now, Ihe spindle be made in any manner whatever to 
revolve with a certain velocity, say thirty revolutions per minnte, the ball*' 
EE will diverge fWnn the spindle till their centrifugal fbroe balances their 
weight Let this be the podtiaa represented in the figure. If the spindle 
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be made to make more revolutions tlian 30, then the balls will diverge 
more than what is represented in the figure. The points //will diverge, 
and by means of the bars fh pull down the one end F of the lever F H, 
and raise the other end U. This, by the mechanism represented in the 
figure, would obviously tend to shut the valve, and to cut off the supply of 
steam. If, on the other hand, the spindle be made to perform fewer revolu- 
tions per minute than 30, the balls will collapse more than what is repre- 
sented in the figure. The points // will approach to one another, and by 
means of the arms fh force up one end F of the lever, and depress the 
other end H. This will obviously tend to open the valve, and to increase 
the supply of steam. After this action is understood, it is not difficult to 
see how this expedient may be advantageously employed to regulate the 
velocity of the engine. Suppose that by some mechanism or other the 
upright spindle is so connected with some moving part of the machinery, 
that when the velocity of the engine is unduly accelerated, the spindle per- 
forms more than 30 revolutions, and that when the velocity of the engine 
is unduly retarded, the spindle performs less than 30 revolutions per 
minute, then this expedient becomes a regulator of all the inequalities of 
velocity arising from the variations in the amount of resistance to be over- 
come. The upright spindle may be connected with the fly-wheel shaft 
by means of an endless cord passing over a small grooved wheel d on 
the axis of the spindle, and working into a similar groove on the fly-wheel 
shaft, or by gearing, which is a preferable mode in large engines. By 
properly proportioning the diameters of these wheels, the spindle may 
be made to perform any number of revolutions per minute. It is obvious, 
that by these means the speed of the grooved wheel d may be considered 
as representing the speed of the fly-wheel, and of the machinery which the 
fly-wheel drives. After these observations, and the remarks upon the 
subject we have alreaily made at page 34, the principle which renders the 
governor so admirable a regulator of the velocity of the machine will be 
easily apprehended. Let t denote the time in seconds of a periodic re- 
volution of the balls, and h the height in inches of e above the horizontal 
plane passing through the centre of the balls ; then, according to the formula 
which we have given in page 34,— 

<»-31986v^ 
Let n denote the number of revolutions per minute, then we have the pro- 
portion — 

60 

•31986 v'A : 60 :: 1 :n: 



•31986 ^/A 



or n a 187*58 4- ^/X, which also may be written AB35186-rn*. We have 
iupposedy^. 23., page 18., to represent the divergence of the balls when the 
spmdle was making 30 revolutions per minute. In that case 11=30, and 
As.35186->30'-35186-r900 =139*09 inches, or about 39^ inches. Now 
suppose that the velocity of the engine was accelerated so much that the 
spindle performed 31 revolutions per minute; then, taking }i»31, we 
obtain A = 35186-f31*»35186-T-961 — 36'61 inches, or somewhat more than 
36( inches. Thus, before the spindle can perform one more revolution per 
minute, the plane of revolution of the balls rises ^9-^— 36 j|, = 2f{, =2} inches, 
which obviously would cause a very great change in the angle of di- 
vergence of the arms E ef. Suppose, on the other hand, thint the velocity 
of the engine were retarded so much that the spindle performed only 29 
revolutions per minute. Then, by taking }i=29, we find A = 35186-i-29' 
»35186-> 841 =41*84 inches, or between A\\ and 42 inches. Thus before 
the spindle can perform one less revolution per minute, the pUme of revo- 
lution of the balls must fall 41*84 -39*1 =2*74 =2| inches nearly, which 
would obviously cause the an^le of divergence of the arms £ « to diminish 
very considerably. The efficiency of the governor in regulating the sup- 
ply of steam depends very much upon the mechanism employed to com- 
municate its agency to the throttle-valve. We may suppose the relations 
of the different bars Ee/,/A, FGH, and Hip, to be such, that when the 
horizontal plane passing through the centre of the two balls E E is only 
36*61 inches below the point of suspension e, the throttle- valve would 
entirely close up the steam-pipe, and that when the horizontal plane 
passing through the centres of the two balls EE is 4 1*84 inches below the 
point of suspension e, the throttle-valve would be fully open. On this 
snppotttion the effect of the governor would be, that the engine could 
never be so much retarded as that the upright spindle performt^i less than 
29 revolutions per minute, or so much accelerated that the upright spindle 
perfbrmed more than 31 revolutions per minute. This would ensure that 
the greatest change of velocity of any part of the machinery could never 
exceed J,n<|is of its mean velocity,— a variation which in practice is scarcely 
perceptible ; so that such a governor might be considered as practically per> 
feet In the best modem engines the amount of variation is seldom less 
than one -tenth of the mean velocity. But we may easily suppose the 
governor to be so connected with the engine as to act with even greater 
eflSciency than the one which we have described. The governor can be so 
proportioned, and so connected with the engine, as to maJce 60 revolutions 
per minute ; and the nyechanism connecting it with the throttle-valve may 
be so contrived, that when it makes 59 revolutions per minute the valve 
may be fully open, and that when it makes 61 revolutions per minute the 
valve may entirely closed. In this case the greatest variation of the velo* 
city of my part could never exceed one-thirtieth of the mean velocity of 
that part. Indeed in theory there is no limitatioc to the degree of rcgn- 



' larity which may be produced by the application of the governor. Prao 
tical considerations, however, limit the application of the principle if 
several ways. It has been found inconvenient, for example, to allow 
minute alterations of the governor to affect sensibly the position of the 
valve, and in order to prevent the inconvenience ansing fh>m a continual 
changing in its position it is found expedient to construct the governor 
such that even a considerable change in the divergence of the balls shall 
not produce too much alteration in the opening of the valve. This con- 
sideration, and several others, limit the application of the governing 
principle, and prevent engineers from approximating so closely to theoretical 
perfection, as the principle permits. 

In the construction of a governor to regulate a particular engine, it is 
necessary to consider the position of the balls corresponding to the mean 
velocity of the engine, the range of motion which must be given to the 
arms so as to enable them to confine the variations of velocity within 
certain limits, and the weight of each of the bulls. We proceed to con- 
sider each of these points separately. 

POSITION OF BALLS WHEN MOVING WITH MKAN VELOdTT. 

To determine this position, we have only to consider the vertical height 
of the point of suspension above the horizontal plane parsing through tha 
centre of the balls when the spindle is making the average number of revo- 
lutions per mmute. This is found from the formula 

. 35186 
h — — - — 

From which we have the following rule : — 

Rule. — To determine the height of the point of suspension above the plane cf 
the balls, when moving with mean velocity. — Divide the number 35186 by 
the square of the mean number of revolutions per minute. The quotient is 
the height of the point of suspension above the plane of the balls when moving 
with mean velo<rity. 

Example 1.— In a particular engine the governor is so connected with 
the fly-wheel shaft, that when the engine is moving with average velocity 
the upright spindle makes 40 revolutions per minute. Required the proper 
height of the point of suspension above the plane of the balls. 
In this example — 

35186 35186 
**^ 40» "^ 1600 

351*86 ^,^^. , 
=—,-—=21*99 mches. 
Id 

80 that the proper height is about 22 inches. 

Example 2. — The governor spindle is driven by the fly-wheel shaft by 
means of an endless cord passing over a groove on the spindle, and another 
groove on the fly-wheel shaft The diameter of the groove on the 
governor spindle ■ is 9 incnes, and the diameter of the groove on the fly- 
wheel shaft is 12 inches. The engine has a stroke of 8 fWt, and the mean 
velocity of the piston is 256 feet per minute. Required the proper height 
of the point of suspension above the plane of the balls. 

In this example, since the mean velocity of the piston is 256 feet per 
minute, and the length of the stroke 8 feet, it follows that the engine makes 
256 -r 8 a 32 single strokes, or 16 double strokes per minute. The fly- 
wheel makes one revolution for each double stroke of the piston, and 
therefore the fly-wheel also makes 16 revolutions per minute. The number 
of revolutions of the fly-wheel shaft is to the number of the revolutions of 
the governor spindle inversely as the diameters of the grooves ; so that we 
have the proportion 

^6x12 ^,, 

9 : 12 :: 16 m- — g— =2ij. 

Hence, according to the rule — 

. 35186 35186 ., ^, . , «. . 

A = -. lh« '^ "45 51 - 7 7 *3 1 inches. This proportion 

is one never employed in practice on account of the inconvenience of the 
dimensions ; but it is that proper to the data assumed. 

THE RANGE OF MOTION OF THE ARMS. 

This depends entirely upon the amount of variation of velocity which 
may be pcnnitted without detriment to the work upon which the engine is 
applied. We have already shown, that when the governor performed on 
an average 30 revolutions per minute, a variation of velocity equal to one- 
fifteenth of the mean velocity required only a range corresponding to a 
vertical height of 5*23 ( = 41-84 -36*61) inches. But we shall now con- 
duct the inquiry in general terms. 

Let 

V =mean velocity of any moving part of the machincn*. 
11= number of revolutions of the governor spindle corresponding to r. 
A = height of point of suspension above the pUine of bolls corresponding 
I to o. 
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v¥\mv=a(\+^m) v-imazimam velocity of any moving part of the 

machinery. 
h} s value of h corresponding to (I + ) m) v. 
0^4 HIV a (1— I in) t; a minimum velocity of any moying part of the 

machinery. 
Ai«yalne of* corresponding to velocity (1 — J «) » 

Then we wish to find the value of A|— A*. It is obvious that the value 
of n corresponding to the maximum velocity will he (I +^)ii« and the 
value of 11 corresponding to the minimum velocity will b« (l-}m)ii. 
Hence, according to the rule, 

, 3518 6 

^ "l+Jin)*!!" 
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35186 



and therefore, 



(l-im)-i.« 

35186 35186 

*|-* "(l-4m)»it«"(l + lm)>ii» 

35186 X {(1 +|m)»-0 -}m)»} 
" (l-lm)"x(l+Jmj|«J<it* 

35186 2 la 

" n» '*(l-lm«)» 
35186 32 m 



«• '*(4-m»)" 

32 m 

X A 



(4-m«)« 



This formula is too complicated to be easily expressed in the form of a 
rule ; but its applications may easily be apprehended from the following 
examples. 

Example 1. — The governor of a steam-engine performs 30 revolutions 
per minute when the engine is moving at the average speed. Required the 
range as expressed in vertical height of the arms of the governor, such 
that the di£ference between the maximum and minimum velocitv of any 
moving part should never exceed one-fifteenth of the average velocity of 
that part 

In this example "*^~iT» '^^ ^ ^® ^^^^ shown previously, A ^^ 39*09. 
Hence, 

82x1 
Aj— A' s=-^ TTTtv"* * 39 "09 inches. 



(-<-)•) 



32 X 153 



(4xl5«-l)» 
82 X 3375 



x 39*09 inches. 



X 39*09 inches. 



(4x225-1)" 

32 X 3375 . ^ 

t— gggj — X 39*09 mches. 

108000 



X 89*09 inches. 



808201 
=s*134 X 39*09 inches. 
s5*23 inches, 
which is the same result as formerly. 

Example 2. — The governor of a steam-engine performs 21) revolutions 
per minute when the engine is moving with average speed, in which case 
one of the shafts driven by the engine performs 80 revolutions per minute. 
Required the vertical range of fiie balls of the governor, such that this 
shaK should never perform more than 84 or less than 76 revolutions per 
minute. 

In this case m-i8-^80»il-rlO, and, as we have shown formerly, A» 
77-31. 

Hence 



A,-A» 



32X-10 



F^ 



I ^,> , X 77*31 inches. 



32x103 



* X 77*31 inches. 



•(4xl0«-l) 

3 2x100 _ , - . 
X400:ri)i>< 77*31 mches. 

32000 
'"899*" ^ ^^'^^ OkchCB, 

32000 



X 77*31 inches. 



159201 

-201x77-31 inches. 

B 15*539 inches, 
or a little more than 15} inches. 



We may conclude these investigations respecting the governor with a 
summary of the most important points in the rationale of its operation. 
The governor may either be considered as a conical pendulum compounded 
of the movements of two pendulums vibrating at right angles with one 
another, or it may be viewed simply as a system of revolving balls, of 
which gravity is the centripetal force. In the former case the governor 
will make half the number of revolutions that a pendulum of the same 
vertical height makes of vibrations *, and if the speed of the governor be 
urffed beyond this point, the arms will fly out and diminish the vertical 
height, until it just becomes equal to the length of a pendulum that makes 
twice the number of vibrations in the minute that the governor makes of re* 
volutions. Every one knows that if the length of a pendulum he diminished, 
it will make a ^ater number of vibrations in a given time than before ; 
the caose of which simply is, that the steepness of the arc in which the ball 
of the pendulum descends is then increased, and it consequently descends 
with a greater velocity. The length of the seconds' pendulum at the level 
of the sea in I^ndon is 39*1393 inches, and the number of vibrations made 
in a given time by pendulums of different lengths varies inversely as the 
square roots of their lengths. The proper speed for a governor, therefore, 
with a vertical height of about 39 inches, is 30 revolutions per minute, 
which accords with the preceding determinations ; and similarly if the 
vertical height of governor proper to any other number of revolutions be 
required, it is only necessary to find the length of a pendulum, which will 
give twice the number of vibrations, or the rule may be adopted that is 
given at page 34. If the number of revolutions and the length of the arm 
be fixed, and it is wanted to know what is the diameter of the circle de- 
scribed by the centre of the ball, it is necessary to find the vertical height 
by the foregoing rule ; or the following may be adopted. Divide the con- 
stant number 187*68 by the number of revolutions per minute, and the 
square of the quotient will be the vertical height in inches of the centre of 
suspension above the plane of the ball's revolution. Deduct the square of 
the vertical height in inches from the square of the length of the arm in 
inches, and twice the square root of the remainder is the diameter of the 
circle in which the centres of the balls revolve. The vertical height of the 
governor is in every case taken as the distance between this circle and the 
point of suspension. 

In considering the governor as a system of bodies acted upon by centri- 
fuge and centripetal forces, the same results are obtained as where it is 
regarded as a conical pendulum. The horizontal distance of the ball fh>m 
the spindle, divided by the vertical height, will give the amount of centri- 
petal force ; and the velocity of revolution requisite to produce an equiva- 
lent centrifugal force may be found by multiplying the centripetal force of 
the ball in terms of its own weight by 70*440, and dividing the product by 
twice the distance of the centre ball from the centre of the spindle in inches. 
The square root of the quotient is the right number of revolutions of the 
spindle per minute. Considering the question in this way, we first fix the 
length of the arms and the diameter of the base of the cone, or what is the 
same thing, the an^le at which it is desired the arms may revolve ; and 
then, by the rule given above, we make the speed of revolution such that 
the centrifugal force will keep the balls in the desired position. Many 
persons find some difficulty in considering the governor as a pendulum, 
inasmuch as it may be driven at ant/ speed ; but each particular speed has a 
vertical height of the centre of suspension above the plane of revolution 
proper to itself, and one condition cannot be altered without affecting the 
other. The method of considering the governor, however, as a revolving 
system of balls, does not involve this difficulty, and to many engineers it 
will therefore be the most satisfiictor^'. 

WEIOHT OF BALLS. 

The proper weight of balls depends pruicipally upon the nature of the 
mechanism employed to transmit the agency of the governor to the 
throttle-valve. In practice they are generally somewhere between 30 and 
80 lb. each. It may be remarked in general, that of two governors per- 
forming the same number of revolutions per muiute, the one which is 
&rthest removed from its throttle- valve, and which is consequently con- 
nected with it by the most complicated mechanism, ought to have the 
heaviest balls. No general rule founded upon theory can be given for de- 
termining the proper weight of these balls in any particular case. In fact, 
according to theory the agency of the governor is altogether independent 
of the weight of the balls ; for the balls perform the same number of revo- 
lutions per minute, and revolve at the same distance from the spindle, 
whatever is their weight The truth of this remark will appear clear 
enough if each ball be supposed to be compounded of a number of smaller 
balls, each of which would certainly keep the same position as the larger 
ball ; and every particle may therefore he supposed to act for itself. 
Though the centripetal force of the balls he increased, therefore, by adding 
to their weight, yet, inasmuch as their centrifugal force when in motion 
is increased in the same proportion, their position, when the governor is 
set into revolution, cannot be affected thereby. An increase in the weight 
of the balls gives the governor more power to open or close the throttle valve, 
but does not in any other way affect its operation. Large engines, where 
the valves are large and stiff, require to have the balls of the governor of 
corresponding size, especially if the connexions between the governor and 
throttle valve are stiff and complicated ; but in no other respect is the size 
of the balls of importance. 
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The principle on which the governor acts, necessarily supposes temporary 
variations of the speed. The goyemor, theoretically speaking, does not 
maintain a oniform velocity, but restores it after it has been disturbed. 
Suppose that, either by reason of the diminished load upon the engine, or 
an increased evaporative power in the boiler, the speed of the engine is 
accelerated, the governor, being immediately affected, will cause a corre- 
sponding alteration in the throttle-valve; but in general, this alteration 
being too much, the velocity of the engine will be too nmch retarded. 
This second error will again affect the governor in the contrary way, and 
the speed will now be increased beyond the proper limit. Thus a succes- 
sion of alternations of effect will ensue, until the governor settles down into 
the position corresponding to the proper speed. The agency of the 
governor is never brought into use iMsfore a change of velocity has taken 
place. The very supposition that a governor acts, presupposes that a 
change of the speed has ensued ; and which, though it corrects, it cannot 
prevent from arising. 

TARISTIE8 OF GOVERNORS. 

In engines employed to pump water for the supply of towns, another 
expedient has been employed to produce the same effect as the governor 
which we ha^e just described, which consists of a small cylinder with a 
piston in communication with the main pipe, through which the engine 
forces the water. The piston of the cylinder is loaded with a weight 
corresponding to the velocity with which it is wished that the engine 
should move, and is raised by the compressed air in the air-vessel of the 
pumps. When the engine is moving with an accelerated velocity, the 
increased pressure of the water forces up the loaded piston. When, on the 
other hand, the engine is moving with a retarded velocity, the diminished 
pressure of the water allows the loaded piston to fall. It is obvious, that 
by properly connecting the piston-rod of /this piston with a throttle- valve 
in the steam-pipe, the engine would become its own regulator. This 
[to, so simple in theory, is attended by so many difficulties in the con- 
struction and in the practical working, that it is now universally abandoned. 
We may mention, that when this plan was in use, in order to prevent the 
piston from acting too sensibly upon the throttle-valve, it was customary to 
have the load divided into links like a chain ; so that when the piston 
ascended, more links were raised, and consequently the load was increased, 
and when the piston descended, the links by resting on the ground dimi- 
nished the load. 

The principle of the preceding expedient has sometimes been employed 
to regulate the mean velocity of the engine, by varying the rate of expan- 
non used. The up and down motion of the small piston is employed to 
adjust the tappets which shut off the steam. The motion of the small 
piston is communicated to a wheel which turns a pair of bevelled wheels, 
one of which is on the square part of a rod attached to the plug-tree. 
The effect of the mechanism is, that when the motion of the engine is too 
rapid, a rod is turned, which moves the tappet so as to cut off the steam 
sooner ; and when, on the other hand, the motion of the engine is too slow, 
the tappet is moved so as to be longer in cutting off the steam. When the 
engine is moving at the proper rate, the tappets remained undisturbed. 
This plan, however ingenious it may be in conception, does not work well 
in practice. It wants the simplicity which characterises the action of the 
governor, and has long been discontinued. 

The conical pendulum is the governor employed almost universally 
for the regulation of the speed of rotative steam-engines. Yet other 
kinds have been introduced, and in some instances with a good effect. 
One very sensitive governor consists of a cylindrical double bellows, 
worked by the engine, and furnished with a small cock at the orifice at 
which the air escapes, so that it may be contracted at pleasure. When the 
engine runs beyond the right speed, an additional quantity of idr is taken 
in by the bellows, which, as it cannot obtain a free exit by the orifice con- 
tracted by the cock, raises up the superior or floating part of the bellows, 
to which a rod is attached that closes the throttle valve. When the speed 
slackens, the floating part of the bellows subsides, and opens the throttle- 
valve, ontil, after a few fluctuations, a mean point is reached — determined 
by the size of the orifice left for the issuing air — at which the floating part 
of the bellows will remain nearly stationary. A bellows on this plan has 
been for some years attached to the engine that gives motion to the ma- 
chinery in Truman and Hanbury*s brewery, and its operation is spoken of 
by Mr. Davison, the engineer of those works, in the highest terms. 

Another plan of governor was some years ago contrived by Mr. Hick of 
Bolton. Upon an upright spindle he wound a spiral feather, and then fitted 
upon the spindle a single ball, so that the ball might be moved up or down 
on the spindle, but would turn on its axis in th^ operation. To the ball 
were fixed two vanes, which, impinging upon the air when the ball was 
put into revolution with a high velocity, caused the ball to mount up on the 
spiral feather or thread. So long as the speed of the shaft upon which the 
ball was placed remained moderate, the ball continued at the foot of the 
spiral ; but when the speed was increased, the impact of the vanes upon 
the ab so fiur resisted the rotation, that the ball rose on the spiral feather 
in opposition to the force of gravity ; and in its ascent it closed the valve. 
A governor upon this plan seems to be well adapted for steam vessels, if a 
tprmg be substituted for the ball. The ordinary governor, however, may 
be r^dered applicable to the marine engine if the balls be made to move 
out horizontally instead of in an arc of a circle. It is clear that a common 
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governor would not act at sea without this modification, as the balls would 
diverge or collapse at every heave of the ship. In Siemen*s chronometric 
governor a clock movement furnished with a weight and pendulum it 
employed. The clock movement carries round a bevel wheel at a uniform 
speed, and another bevel wheel of the same size, and situated upon the 
same axis, is carried round by the engine in an opposite direction. A bevel 
pinion at the end of a crank arm gears with both wheels in the manner of a 
differential motion, and to this crank is attached a rod communicating with 
the throttle-valve. Whep both wheels are moving at the same speed the 
pinion remuins stationary, but if one wheel travels faster than the other, 
the crank will be carried round upon its axis, and will thereby affect the 
throttle-valve. There appears to be too much complication in this contri- 
vance to enable it to gain an introduction into practice, unless a clock 
movement be required for other uses than that of the engine. 

The governor, as at present applied to regulate the steam-engine, acts 
only on the throttle-valve, to restrain the flow of steam into the cylinder; 
but in our humble judgment it ought also to act upon the injection-valve, 
to restrain the flow of water into the condenser. In all cases of large fluc- 
tuations of velocity, inconvenience and danger is the inevitable effect of the 
injection water being left without due regulation, and in steam-vessels in 
particular, accidents are frequently traceable to this cause. If the injection 
cock be adjusted to give admission to the right quantity of water when the 
engine is Vorking with a mean velocity, it will clearly admit too much 
when the velocity is arrested so as to be brought to one half or one fourth 
of the common speed ; and as the air-pump cannot, when it is working so 
slow, deliver the water which rushes mto the condenser in undiminished 
quantity, the engine becomes choked with water, and the water sometimes 
runs back into the cylinder, and occasions fhicture by resisting the descent 
of the piston. The most common cause of breakages in steam machinery 
is the entrance of water into the cylinder. Sometimes it passes over with 
the steam, when priming in the boiler takes place ; and at other times it finds 
its way from the condenser, and this will more frequently happen if the 
cylinder exhausts from below than if it exhausts from the top or superior 
portion of the valve casing. The right remedy for this danger is to ap- 
portion the quantity of water admitted to an engine to the quantity of 
steam ; and this may be accomplished by placing a throttle-valve in the 
injection pipe, which will also be operated on by the governor. But little 
condensing water will then be admitted when there is but little steam to be 
condensed, and the en^e will neither be burdened by needless water nor 
starved into inefficiency by an inadequate supply. This innovation, with 
others of a similar character, were introduced into the Don Juan steamer 
ten years ago, but their intent at that time could hardly be apprehended. 
In steam-vessels propelled by the screw such resources are less necessary, 
as engines work with a much more uniform speed when applied to the 
sprew than when applied to the paddle-wheeL 

THE CATARACT. 

The governors we have already mentioned are chiefly applicable to the 
rotative engine. The accredited governor of the single-acting or pumping 
engine, is &e cataract, of which instrument there are many varieties. The 
cataract used by Smeaton and his predecessors^ we have already described 
and delineated, in page 9. : the modem Cornish cataract is represented in 
pUte 6. " Valve Gearing of a Cornish Pumping Engine," and is shewn in 
connection with the hand gearing, beneath which it stands. The same 
mechanism is again visible in plate 5., entitled ** Cornish Pumping Engine,** 
which is an elevation of a pumping engine of much efficacy, made at the 
Hayle foundry. In this last plate, the connection may be traced, of a 
dotted line, between the cataract shaft and the injection valve, situated at 
the end of a curved pipe, bolted on the condenser, and which communicates 
between the cold water cistern and the interior of the condenser. The 
cataract consists of a small pump plunger, and barrel, set in a cistern of 
water, the barrel being furnished on the one side wiUi a valve, opening 
inwards, through which the water obtains admission to the pump chamber 
from the cistern; and on the other by a cock, through which, if the plunger 
be forced down, the water may be sent out again, with a rapidity propor- 
tionate to the size of the orifice left by the cock. The engine, in its upward 
stroke, which is accomplished by the preponderance of weight at the pump 
end of the beam, raises up the plunger of the cataract by means of a small rod, 
represented in the drawing of valve gearing already referred to — the water 
entering the pump-chamber through the spindle valve, which is also repre- 
sented, and filling the pump-chamber completely. By the time the engine 
reaches the top of the stroke, it liberates the rod by which the plunger has 
been drawn up, and the plunger then descends by gravity^, forcing' out the 
water in the barrel, and at the same time opening the injection valve. If 
the cock of the cataract be shut, it is clear that the plunger cannot descend 
at all ; and as, in that case, the injection valve cannot be opened, the engine 
stands still : but if the cock be slightly opened, the plunger will descend 
slowly, the injection valve will slowly open, and the engine will make. a 
gradual stroke as it gains the water necessary for condensation. The 
degree to which the cock is opened, therefore, determines the speed at which 
the engine moves ; so that by the use of the cataract, the speed of the 
engine may easily be adjusted to the quantity of water in the mine. There 
are other varieties of cataract employed brides that here described, but 
they all depend upon the same general principle. In some cases air is used 
instead of water, and in others a cylinder of oil is employed, fitted with a 
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pifton with a valve after the manner of a pomp bucket, and a small side 
pipe, fitted with a cock, which commmiicates between the spaces on each 
side of the piston. When the piston of this cataract is forced down, the 
oil easily ascends through the valve into the superior part of the cylin- 
der, but when it is drawn up, the oil can only escape by the curved pipe, 
from the space above the piston to the space beneath it, by passing through 
the contracted orifice of the cock ; and, though a considerable counterbalance 
be applied, the piston, if the cock be partially closed, can only ascend but 
slowlv. The effect is just the same as in the arrangement first described: 
the oil cylinder is perhaps to be preferred as being neater, when, from the 
nature of the foundations, or otherwise, the cataract has to be set among 
the valve gearing, but in other cases we should incline to the adoption of 
the other arrangement 

EXPBIHEMTS FOR ASCERTAnONO THE STATE AND POWEB OF AN ENGINE. 

Water Gauges. — There are three kinds of water gauges : the first the 
ordinary gauge cock« the second the glass gauge, and the third the float. 
The gauge cock, on being turned, shows whether it is water or steam that 
exists at the level at which it is inserted. There are usually three gauge 
cocks inserted in each boiler, at different levels ; and the rule is to so feed 
the boiler that there will be steam in the top gauge cock, and water in the 
other two. The glass gauge consists of a glass tube set in front of the boiler, 
communicating m its superior portion with the steam space, and in its in- 
ferior portion with the water within the boiler, the position of the tube 
being so a^joated that the water level stands at about the middle of its 
lengSi. The tube is connected at the top and bottom to the boiler by means 
of sockets furnished with cocks, so that the tube may be blown through by 
the steam to clear it, and the water and steam may be shut off if the glass 
breaks. It is unsafe to trust to the glass gauges altogether as a means of 
ascertaining the water level, as sometimes they become choked, and the 
water continues to stand high in the tube though it may have sunk low in 
the boiler. If the boiler be short of steam, however, and a partial vacuum be 
produced, the glass gauges become of essential service, as the gauge cocks 
will not operate in such a case, for though opened neither steam nor water 
will come out, but air will rush in. This sometimes occurs in practice, and 
glass gauges are then found to be of especial value. We may mention, 
however, that a vacuum in the boiler should never be suffered to occur, as 
if the boiler is short of steam the throttle-valve should be closed to a cor- 
responding degree, or a higher degree of expansion should be employed, so 
that the due pressure of the steam may be maintained. A better economy 
is to be realised by this plan of procedure than by suffering the engine to 
draw from the boUer the attenuated steam. In steam- vesseU the operation 
of blowing off cannot be performed, unless the pressure of the steam be 
considerably above that of the atmosphere, and the neglect of this opera- 
tion entails evils which are of serious moment, and which are very ex- 
pensive to cure. 

The float-gauge consists of a float resting on the surface of the water, and 
communicating with an index, so that the fluctuations in the water level 
are, by reference to this index, made apparent The float is usually of stone 
or cast-iron, but is so balanced b^ a counter weight as to make its operation 
the same as if it were a buoy of timber. In land boilers a float is generally 
employed to regulate the admission of the feed-water, and the same float 
may also indicate the height of the water within the boiler. The feed-water 
is admitted from a small open cistern at the top of the stand pipe, as shown 
in fig. 230. At the bottom of the cistern is a valve, which the float opens 
or closes, and into the cistern the water is poured by the feed-pump. 
When the valve is open the water runs down into the boiler, but when 
closed it runs away by an overflow shoot The foot of the stand pipe 
penetrates to near the bottom of the boiler, so that steam cannot escape 
by it, but the water rises in the stand pipe to a height proportionate to the 
pressure of the steam, and a most effectual safety-valve is thus provided, 
which will come into operation in the event of a dangerous pressure being 
attained. In the stand pipe a float is placed, which rises and &lls as the 
pressure of the steam varies, and opens or closes the damper leading firom 
the boiler flue to the chimney. Some stand pipes are contracted in their 
diameter below the level at which the damper float usually operates, and 
danger has arisen from this cause ; for the float has descended into this 
narrow neck when there was no longer a pressure of steam in the boiler, 
and by stopping up the passage it has prevented the access of the feed- 
water. The length of the damper-chain diould be so regelated as to ob- 
viate accidents of this description, which are not unlikely to burst the 
boiler, by causing the boiler bottom or flues to become red hot 

Salt Uauges, — In steam vessels it is a commendable practice to apply 
salt gau^s to the boiler, so that the water may never be suffered to reach 
an injunouB degree of saturation. These gauges usually consist of glass 
balls, which operate on the principle of the hydrometer, rising to the sur- 
fiice when the water becomes highly concentrated, and therefore heavier. 
In some instances bulbs of this description, enclosed in a large glass tube, 
tire fitted to the front of each boiler, but the general plan is to draw off 
some of the water into a separate vessel, and then to test its saltness by 
an instrument provided for the purpose. The Don Juan steamer was 
fitted with large copper balls, to determine the saltness of the water in 
the boiler : they were of course totally immerged in the water, and as the 
water increased in density they rose and opened the blow-off valve, which 
was made of such a construction as to be capable c^ being easily opened. 



There is too much refinement probably in this expedient, and tiie ball 
requires to be large to realise a sufficient motive force to make the action 
of the instrument certain, ^et the operation of the plan is very complete* 
especially if conjoined with a self-acting feed, as was the case in the 
instance referred to. A good salt gauge is still a desideratum, for the 
plan of drawing off water from the boiler, and testing it by a hydrometer is 
very inconvenient in practice. A salt gauge, to be a convenient instrument, 
should indicate, by a hand or other simple appendage, the density at the 
time of observation of the water in the boiler, and such an instrument 
becomes of especial importance if the amount of water blown off be 
regulated by the position of the feed-oocks, as is done in the case of 
Mr. Lamb's blow-off apparatus for steam-vessels, which is now gaining 
an extensive introduction. In this apparatus the month of the blow^ff 
pipe within the boiler is situated near the water level, whereby it catches 
and removes from the boiler the particles of impalpable matter which, by 
their subsidence on the flues, occasion scale. The collecting mouth, 
therefore, answers much the same purpobe as the collecting vessel referred 
to in page 69., and the impalpable particles arising from the decompoution 
of the salt are carried away with the supersaked water. Mr. Lamb 
attaches a valve to the mouth of the blow-off pipe regulated by a float, 
with the view of preventing the steam from blowing cSf when the water 
has subsided below the said mouth, which is situated about 12 inches 
beneath the average water line. The float is made of copper, of the form 
of an oblate spheroid, with a tube passing through it for the reception of 
a spindle, the position of which in reference to the float is regulated by 
nuts above and below the float, which connect with screw threads cut upmi 
the spindle. The valve resembles a flute key. The lower end of the spindle 
is attached to the valve arm, so as to enable the float to exert a greater 
power, and the upper end of the spindle moves in a guide attached to any 
convenient part of the boiler. By this apparatus the operation of blowing 
off is continuously performed, but when the salt gauge shows that the 
quantity of water blown off is either needlessly great or insufficient, the 
position of the feed-cock is altered so as to give a diminished or increued 
supply. When more feed-water is admitted, the float upon the suifiioe of 
the water opens the blow-off valve more widely, and permits a larger 
quantity of water to be blown out ; and when less feed-water is admitted, 
the contrary effect is produced. The operation of the float, therefore, is 
to maintain the water at a uniform level, and also to preserve the water 
within the boiler at a uniform density so soon as the right position of the 
feed cock is ascertained. In boilers which are thus worked, or to which 
brine pumps, or Buy continuous blow-off contrivances are applied, an 
efficient salt guage is indispensable, as there can otherwise be no mtimation 
of the accidental interruption of the operation, and much mischief may be 
the result In the ordinary way of blowing off, where the engineer keeps 
the blow-off cocks open until the water level has descended any given 
number of inches, it is certain that, if the water level descends, a certain 
volume of super- salted water has been ejected ; unless, indeed, as has 
sometimes happened where there is a difference of pressure in the different 
boilers, one boiler has discharged its contents into the other when all the 
blow-off cocks are opened at once. But in the ordinary operation of 
blowing off one boiler at a time, a determinable quantity of water is 
expelled by blowing out at determinate intervals with a certainty which 
leaves nothing to the chances of accidental derangement, and which the 
use of the salt gauge in the case of boilers fitted with any description of 
continuous blow-off is indispensable to insure. 

Steam Gauge. — The steam gauge consists generally of a simple tube, 
sometimes of glass and sometimes of iron, bent so as to form the letter U. 
One of the ends is placed in communication with the boiler, and the other 
end is open to the atmosphere. Into the bent part of the tube meremy is 
poured, which, if not acted on by the steam, will stand at equal heights in 
both legs of the tube. If, however, the steam be admitted to act upon the 
mercury at one of the extremities of the tube, it will force it up in the other 
leg, and may be made to indicate the amount of pressure on a divided 
scale. The scale is commonly divided into inches and parts of an inch, each 
inch corresponding to a pressure of very nearly one pound on the square 
inch. Some people prefer estimating the elasticity ofihe steam by pounds 
per circular inch. For this purpose each of the divisions of the scale ought 
to be l<j(( inches, and these divided again into 10 equal parts, when die 
pressure in lbs. and tenths of a lb. will be shown bv the snle. When die 
tube is constructed of iron, it is necessary that a float of wood resting on 
the top of the mercury should ascend above the tube, and indicate on a 
proper scale the place of the mercury. It is clear that every incli the 
mercury rises in the open end of the tube occasions a difference of levri 
of two inches, for the level in the leg pressed on by the steam fidls an inch 
at the same time that the level in the open end rises an inch. Some steam 
gauges consist of a straight glass tube, with one end terminating in a small 
cistern of mercury, while the other end is open, and the mercury is foioed 
up into the tube by the pressure of the steam. In this case the graduation 
has to be such that a pound pressure will be represented by two inches in 
height upon the scale, for the level of mercury m the cistern does not sub- 
side appreciably by the rise of mercury in the tube. The syphon gauge is 
the one generally employed, and it appears to be entitled to the preference 
it enjoys. Every boiler ought to he provided with a steam guage as a 
precaution of safety, as well as a means of seeing that the steam is kept 
steadily up. If the pressure rises to any dangerous pitch, the mercoij 
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will be blown oat of the gnage, and the escape of steam will notify the 
existence of danger. In such case, if the safety valve cannot be raised, 
from derangement or otherwise, the best plan is to open the blow-through 
valve of the engine. To start the engine might cause a flow of water 
from the feed-pump over hot plates within the boiler, if the water be at 
the same time low within it, and an explosion might be the consequence 
of soch an in^cretion. 

Vcumitm Gau^, — The vacuum gauge is a barometer for determining the 
relative elasticities of the air and of the attenuated vapour in the condenser. 
It consists of a glass tube, of which the inferior orifice is inserted in a small 
dstem of mercury, while the superior orifice \b fitted with a small pipe, which 
communicates with the interior of the condenser. The air presses on the 
snr&ce of the mercury in the cistern, while the pressure of the condenser 
vapour only exists within the tube, and the mercury rises in the tube to a 
height corresponding to the difference of these pressures — usuallv to a 
height of about 27 mches. There is a good deal of oscillation m the 
mercury of a vacuum gauge if the cock in the pipe leading from the top of 
the tube to the condenser be opened frilly, and it should therefore be neariy 
closed before the observation of the quality of the vacuum is made, else it 
will be very difficult to tell at what point the mercury stands on the average, 
in consequence of its rapid rising and subsidence. In the graduation of 
vacuum gauges reference enough is not generally had to the sixe of the 
mercury cistern, which is usually made small ; and as the subsidence of the 
level of the mercury in the cistern falls considerably when the tube becomes 
fhU, the graduation, if made in inches, is correspondingly inaccurate, as the 
divisions should be less than an inch apart to represent inches, if the surface 
of the mercury in the cistern falls. Some vacuum gauges are made on the 
principle of indicating the difference between the vacuum in the condenser 
and a perfect vacuum, instead of the difference between the vacuum in the 
condenser and the pressure of the atmosphere. This species of vacuum 
gnage is much used in sugar refining, and is convenient there from its 
portable nature; but it has not met with any extended adoption for the 
uses of the steam engine. A syphon vacuum j^auge, like the steam gauge 
in form, is also sometimes used ; but the straight glass tube, arran^ in 
the manner we have described, is generally preferred to any other arrange- 
ment 

The Indicator, — The indicator is an instrument for determining the 
amount of power actually exerted b^ an engine. In computing the power 
of engines, one important element is the unbalanced pressure of the steam 
on the piston ; and any inaccuracy in the statement of this particular must 
vitiate the calculation, and ^ve an erroneous result In all ordinary 
eases, even when no expansion gear is used, it is wrong to reckon the 
pressure of the steam in the cylinder as uniform, or the condensed vapour 
as of a constant elasticity; and to assume that the pressure in the 
cylinder is the same as that indicated by the steam gauge, is to intro- 
duce a fiiUacy into the computation of power. The use of the indicator 
is to measure and register the variations of pressure during a complete 
stroke of the engine, and thus to obtain accurate data whereby the effective 
power of the engine may be computed. 

The indicator consists of a small cylinder c, plate 4. placed in connection 
with the cylinder of the engine either above or below the piston, and fitted 
with a piston, P, which is connected with the spiral spring, «. By 
opening the cock of the indicator the steam is admitted below the piston, 
P, on which it presses during the whole stroke. If the pressure were uni- 
fbrm, the piston would remain stationary ; but if the pressure vary, the 
piston will have corresponding movements either up or down. If a pencil, 
p, be attached to the piston rod, it will register the variations of pressure 
upon a piece of paper held against it ; but, unless some provision were 
made to give a clear space upon the paper at each instant of time, one mark 
of the pencil would be upon the other, and the registration could not be 
deciphered : but, if the paper receives a continuors Uiteral motion in one 
direction during the down-stroke of the piston, and a reversed motion 
daring the return stroke, while the pencil moves vertically, a continuous line 
will be traced upon the paper, which will inclose a space, and the vertical 
ordinates of the figure will represent the effective pressure during a com- 
plete stroke. Instead, however, of using a plane surface, as was done in 
Boalton and Watt*s establishment for some time after its formation, it is now 
the oniversal practice to wind the paper round a cylinder, or roller, which is 
made to turn upon its axis with a reciprocating motion, and the apparatus 
is thus rendered more compact If the pressure of the steam were uniform, 
the line described upon the paper would be in a plane perpendicular to the 
axis of the roller, so that, if the paper were unrolled, the line would be 
straight The paper is fastened to the roller by means of a catch. A, the edge 
of which is graduated. Before the instrument is connected with the steam 
ef linder, the roller is set in motion, and the pencil then describes a neutral 
hne, which represents the pressure of the atmosphere — any vertical ordi- 
nate above this being the steam pressure above that point and any vertical 
ordinate below, the pressure below it If the connection between the 
indicator and the cylinder be now formed, while steam is entering the 
cylinder, the piston of the indicator will rise ; and, if steam is escaping 
from the cylinder, it will fall ; the extent of rise and fidl being regulated 
by the spiral spring, which yields more as the pressure becomes greater. 
The vertical motion of the pencil, combined with the circular motion of 
the roller, will fbrm a curve more or less regular, the vertical 
Ofdinates of which represent the valoes of the steam pressure and 



vacuum during a complete stroke, measured by the scale which is 
marked upon tiie roller clasp. The graduation of this scale depends 
upon • the strength of the spring, «, which forces the piston down 
when the steam ceases to force it up ; because, the stronger the ^ring is 
made, the smaller is the distance through which steam of a given faroe wiU 
compress it by raising the piston. "Die alternate motion of the roller is 
given by connecting it with any reciprocating part of the engine, such as 
the parallel motion, by means of a cord attached to the pulley, a, which is 
fibced upon the same axis as the paper roller, d. This cord gives motion 
in one direction, and the return motion is received from a spring, «, which 
is coiled up like a watch-spring; / is a guide pulley ibr changing the 
direction of the cord when it passes from the pulley, a ; it is not shown in 
its place except in the bottom plan, where part of it is dotted in. 

Let us now suppose the engine to be in motion, and the stop-cock of the 
indicator closed. If the cord be drawn out by hand, or connected with the 
engine, the pencil pressing against the paper will describe the horixontal 
line representing the atmospheric pressure ; and if, when the piston is at 
the top of its stroke, the indicator stop-cock be opened, it will commence 
its registration. When the steam begins to rush into the cylinder, it will, 
of course, also press upon the piston of the indicator, which it will raise, and 
vrith it the pencil ; and the roller, with the paper upon it, being moved by its 
connection with the engine, a line will be traced upon the paper, which rises 
higher up on the cylinder as the pressure of the steam 'increases, and 
comes lower upon it as the steam pressure subsides. The area of the 
curve traced out by the pencil, therefore, represents the pressnro on the 
piston through all its variations, and, when multiplied by the number of 
strokes, represents the power exerted by the engine. . This power has no 
connection with the nominal horse-power, which is determined by the 
dimensions of the engine, and which does not vary with variations in the 
pressuro of the steam ; but it is the effective power, or the power actually 
exerted. 

The indicator, however, not merely tells the amount of power exerted 
by every stroke of an engine, but the nauure of the fliults by which the 
power is impaired. A particular form of the indicator diagram shows that 
the ports of the cylinder are too small ; and the indication in such a case 
obviously is to enlarge them. If the valve be wrongly set, the indicator 
will explain the nature of the imperfection, and its adjustment then becomes 
easy. By the indicator too the amount of power consumed by each of the 
several mechanisms of a fiictory may be determined, and the relative values 
of different oils fixed that may be employed ibr the lubrication of the 
shafts. If^ for example, it is wanted to know the amount of power con* 
sumed bv a fan or a saw-mill that may be driven by the engine, the machme 
in question has only to be put in connection with the engine, while all the 
rest of the machinery of the fiictory b east off ; and if the indicator be 
applied to the engine, the amount of power consumed in driving the one 
machine will be determined ; and then it will be found, by taking another 
diagram, with all the machinery on, what proportion this part bears to the 
total power. In testing the quality of oils, if it be found that the engine 
requires more power to drive the shafting with one kind of oil than with 
another, that which involves the Urgest expenditure of power is, of course, 
the worse. To read off the indications of the indicator is a thing every 
one may do after the foregoing explanation. The pencil describes a curved 
line inclosing a space. Across that space any number of lines may be 
drawn at right angles to the atmospheric line. The lengths of the tines 
are then metered on a scale, and their mean taken, which mean represents 
the power exerted, as more fully explained at page 246. The indicator is 
an invention of Watt's, but it does not very clearly appear who it was that 
first applied the pencil to trace a curve. The application was, however, 
first made at Soho, probably by Mr. Southern or Mr. Creighton. 

Continuous Indicator. — A continuous indicator is an instrument that 
will not merely ascertain, but also register the work done by an engine 
during any given period, whereby the performance of one engine may be 
compared with the performance of another, to the end of ascertaining 
which is the most economical in fueL In Cornwall this object is accom- 
plished by means of a counter, which merely registers the number of 
strokes made by the engine ; but this expedient will only answer where 
the load upon tiie engine is constant and easily measureable, and becomes 
of but littie avail in a steam vessel, where the load is continually varying. 
The invention of an instrument of a simple kind, that will record the vary- 
ing power of the engine under all circumstances of speed and variation 
of expansion, becomes an object of no trivial importance, when it is recol- 
leeCed that such an instrument is indispensable to the success of any 
effectual sdieme of registration. By registration we mean the determina- 
tion by an anthorised person of the power exerted by steam vessels, or, in 
other words, the work done in relation to the fuel conttaned^ and the publi- 
cation of these results obtained from a large number of steam vessels at 
regular intervals ; so that it may appear on the fiice of a table suitably drawn 
up what steam vessels are the most effectual. These published tables 
would, therefore, be identical in all their main features with the tables pub- 
lished in Cornwall by tiie Messrs. Lean ; and indeed the measure we pro- 
pose consists in the extension to steam vessels of the system of registering 
the duty of engines pursued in Cornwall, and which has produced such 
beneficial effects in that district 

The best proof of the saving in fiiel derivable frtmi the plan of re^stering 
the duty of steam engines consists in an enomeration of the wonders it has 
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already done ; and we find that the amount of work performed in Cornwall 
by a bnshel of coal, represented by 20,000,000 in 1815, had arisen to 
^0,000,000 in 1843. Nor is this a solitary case, but, on the contrary, it is 
the Qvauge dutj of all the engines registered at the two periods, so that 
the expense of roel to do the same amount of work is at present only^ one- 
third of what it was in 1815, and we think we may add only one-third of 
what it would hare been now, had the plan of registration not been adopted. 
The Messrs. Lean have drawn up a table which makes the value of this 
system very conspicuous, and from which it appears that the Cornish mine 
owners are now saving about 85,000/. per annum in their limited opera- 
tions, by the simple expedient of registering and publishing the duty of 
their engines. Such a practice puts all the engineers upon their mettle, 
and induces an emulation out of which improvement cannot but spring ; and 
at the same time it stimulates all engine attendants to a more sedulous at- 
tention, as any negligence on their part will be sure to tell to their dis- 
advanta^ If su<3i a saving can be realised out of the contracted sphere 
of Cornish engineering, whi^ a magnificent result might not be realised by 
the application of the plan to die innumerable steam vessels of this countty ! 
Yet tiie saving in Uie cost of the coal in the case of steam navigation, im- 
portant as it would be, is not the greatest benefit of such an economy : the 
powers of steam navigation would be prodigiously increased, and its profits 
correspondingly augmented, by any improvement by which the quantity of 
eoal carried was materially lessened ; for steam vessels could then go 
farther without a relay of coal, or could carry more cargo, and the growth 
of our steam marine would just be in proportion to the extension of the 
limits which now hinder its development 

It is needless, however, to dwell much on the advantages of the system of 
registration, as they must be conspicuous enough to every one who gives 
attention to the subject. Professor Moseley professes to have invented an 
indicator of the continuous kind, but it is fsr too complicated for ordinary 
practice ; and as some of the parts drive the other parts by fHction surfaces 
which are apt to slip should a little oil chance to fidl upon them, its indica- 
tions are correspondingly uncertain. A suitable indicator being obtained, 
every steamer of any pretensions should be provided with one, and an in- 
spector should then be appointed, in whose skill and honesty all parties 
have confidence, and whose business it should be to examine the indications 
of the several instruments, and make up from thence tables of the perform- 
ance of each vessel, which should periodically be published. The quantity 
of coal consumed could of course only be got at by a reference to the coal 
accounts of the several vessels ; and it would be a good thing if those coal 
accounts were all kept upon a uniform plan to &cilitate the discovery of 
this element 

A continuous indicator of a veiy complete description was some years 
ago brought under the notice of the British Association by Dr. Laidner, 
though its expense and complication were too great to warrant its intro- 
duction in practice. A web of paper was wound upon a small brass drum, 
and a larger drum, which was put into revolution by means of clock-work, 
wound the web of paper off the small drum on to itsel£ At suitable dis- 
tances round the larger drum pencils of different colours were placed, 
which were acted upon by floats placed in syphon tubes of merciunr, to 
which the steam-pipe, condenser, &c were respectively connected. When 
the pressure of steam in the boiler varied, the pencil attached to the float 
in &ie syphon guage communicating with the boiler was elevated or 
depressed correspondingly, and traced a line upon the drum above or 



below the right position. At the termination of the voyage the paper was 
taken off and translated into words, and the difference in the colours of 
the different pencils prevented the lines made by each from being con- 
founded with any other. There was more [trouble connected with the 
use of this instrument than engineers would willingly take, and more ex- 
pense than the proprietors of steam vessels would willingly incur, added 
to which it took no satisfiictory cognisance of any variation in the degrees 
of expansion, though that is the most important of the elements demanding 
registration. 

Counter, — The counter is an instrument with wheelwork so contrived, 
that, by every stroke of the engine, an index hand is moved a certain dis- 
tance forward, so that it registers or counts the number cf strokes made by 
the engine during any given period. The construction of the counter 
varies very much : in most cases, however, the wheels are moved round 
by^ a pendulum attached to some vibrating part of the engine, the wheel 
being carried on one tooth by every vibration. Some of the French coun* 
ters are extremely neat and portable, being much like a pedometer watch 
in size and appearance. A very elegant counter fbr locomotive engines 
has been contrived by Mr. Adie : an endless screw works into the rim of 
two small wheels, situated on the same axis, but one wheel having a tooth 
more than the other. A differential motion is thus obtained, of great slow- 
ness, for the wheel with the additional tooth will only move slightly more 
slowly than the other wheel, and the result is indicated by the difference of 
the two speeds. The end of the screw is attached to a revolving part of 
the engine, by means of an appropriate fiistening, and the wheels hang 
down like a pendulum from it, and do not turn widi the revolving part in 
question, so that the wheels are turned on their axis by ^e screw, with- 
out anything of the nature of reciprocation. The counter was first intro- 
duced by Mr. Watt, and was attached by him to die Cornish engines for 
the purpose of showing the proportion it savings in fhel due to him fhnn 
the^ application of his improved engine, and in the case of those engines 
which were uniformly loaded the counter afforded a correct indication of 
the power exerted. The number of strokes of the engine multiplied by 
the capacity of the pump, and the height through which the water is raised, 
will give a quantity representative of the engine power, and in the case of 
pumping engines, the mdications of the counter will entile us to determine 
the duty J the registration of which has in Cornwall been productive of such 
beneficial effects. 

Dynamometer, — In screw vessels the forward thrust of the screw has 
been measured by a. dynamometer, an instrument constructed on the prin- 
ciple of a weighing-machine, in which a small weight, or spring pressuK 
at the index will sustain a much greater weight or pressure at the other 
end. In the Rattler screw steamer the forward thrust of the screw, as 
determined by the dynamometer, was found to be about four tons, and it 
was also found that when a piece of paper was drawn slowly along beneath 
the index, a pencil attached to the index described upon the paper a ser- 
rated line showing great fluctuations of pressure in the different positions 
of the screw. The greatest thrust is when the screw blade is in a line 
with the stem post A dynamometer has also been employed in Woolwich 
dockyard to test the tractive force of paddle-wheel steamers. Morin^s 
dynamometer is usually employed for ascertaining tiie resistance of railway 
trains. It oonsisto substantially of two blades of steel, the flexure of which 
indicates the resistance. 
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CHAPTER IX. 



TASIETIES OF THE STEAM ENOIMB. 



Wc have ilreadj iatimited that Meim engines of everj kiod are diTitible 
into two great clauea — high-premire engines and eondeniiag eogines. 
Ctoideiumg enipnea are Knnetunes alio worked vjlh a high preuare of 
■team, and the diitiDctive appellation of high-prewnre enginei applied to 
engines of which the iteam ia not condensed, IB open to exception; but we 
shall take the name u it standi, as our ambition does not rise to the coin- 
age of a new nomenclatiiTe, All locomotive engines are of tlie bigh- 
presmre variety ; and generallf all engines are made on the high-pressnre 
plan, where the carriage of coodensing water wonld be inconvenient, or 
the &nl cost of the machine becomes a pinnt of more importance than an 
increased eonxomption of fiieL Htgh-presinre enpnes are, etterit panlna, 
neceasarilj more expensive in (ttel than low-pressure engines, as Uiey 
occasion the los>«f the power derivable from a vacuum i and as the qnanti^ 
of hest in the bum ueiqht of steam is nearly the aame at all presanna, 
there ia no countervailmp source of economy to compenaate fbr tbit 
deduction. The use of high-presinre engines in circumstances in which 
tha low-pressure engine it applicable, ia not to be commended ; and the 
high-preaanre engine is rarely employed for other pnrposes than loco- 
motion on railways, except in the case ofverj small engines required for some 
temporary or trivial pnrpose. Coiuiderabte nimibers of small high-pressure 
engiaea are sent to the West Indies, for driving sugar niachinery, bat even 
Is that case, though their greater fiuility of conveyance is a consideration, 
their nae can hardly be defended. Where high-preaanre aleam ia employed, 
it is expedient to make the pressure considerable, si the deduction to be 
made for the preimre of the atmosphere is less in proportion, with a hi^ 
than with a moderate pressnre. Some locomotive engines are worked as 
high as 901ba. on Che square inch. It most be neniless to explain after 
oar previous expositions, that in the higb-preaiure en^e the steam, after 
hiving given nioiion to the piaton, ii sufiiered to escape into the stmotphere, 
whereas, in the low-pressnre engine, the steam, after it has impelled the 
piston to the end of the stroke, passes trota the cylinder into the condenser, 
where it ii condensed by a shower of cold water, its condensation occasion- 
ing a vacnom or void, which ancks down the piston, and adds coneqiand- 
iogly to the force oMhe moving power. 



We have b page 13, described generally Ifae pumping engine, u arranged 
b^ Walt at an earl^ period of his career, and the modem pumping engine 
diflers from this prmiitjve type only in a few details of aeconduy import- 
ance i excepting, however, Ae nse i^ steam of a higher pressnre, and the 
larger employment of the principle of expansion, by irtuch a greatly in- 
creased economy of fuel has been realiied, llie engine entitled " Cornish 
Flmiping Engine, Hayle Foimdry," ptatc 5, ii a good specimen of (he pump- 
ing engine, ai now constructed, and representa an engine of noted economy 
io ftieL The Talve gearing of the same engiee U ab^n in jdate 6, entitled 
" Valve Gearing of a Coraiih Pnminng Engine, Hayle Foondry." This 
valve gearing operates m the same manner as the valve gearing of Watt's 
engine, flgnred and described in page 11. fig. 10; bat the valves, inaleadof 
being of the ordinary spindle kind, are of the equilibrium description, so 
that the^ may be railed by alrifling force. The equilibriom valve consists, 
s nlWinti a ll y, of a cylinder, open at both ends, and capable of being moved 
on a fixed piston with an upright stem. The cylinder stands over the hole 
in the steam boXt and the piaioB jneventi the steam trom passing through 
it; botwhen the edge of the cylinder is raised from the bottom)^ the box, 
the stetm then gains an exit, bimI it is clear that the cylinder can be raised 
without any connderable exertion of fbrce, aa it is preased equally in all 
itre eti ona. Instead of the rubtnng sni&ce of a piston, however, two groond 
valve fine* are employed in practice, and the moving part of the *slve is 
Dot a pei&ct cylii^ter, as will be obvious by referring to the right-hand 
flgnre of the plate of valve gearing. The spindle valve in Ibis arrange- 
■ent, atanding to the extreme right, ii merely a atop or thrcAtle valve, for 
legnlkting the flow of the steam. Of the other two valves shown in that 
i^re, tlM amaUer it the steam valve, and Iba larger the eqailibriam valve : 



the first fbr admitting the steam to the cylinder, for accomplishing the 
down-strcJie of the piston, and the second fbr enabling the steam above 
the piston, at the termination of the stroke, to pass during the return stroke 
to the space beneath the piston. The eduction valve is Been in the sectioned 
figure on the extreme left of the plate : its fimction ii to let the steam 
escape to the condenser when a downward stroke ii to be made. The 
edoction valve ia generally opened a short time before the steam valve, to 
that the steam may have a longer time to be condensed, and that the down- 
ward stroke may be accomplished immediately that the steam ii admitted. 
The valves arc, alwaya, moved by tappets on the plug rod, at in Mr. 
Watt's arrangement, bat the details are Blightly diffe^en^ and differ in 
different engines. The details of the specimens we have selected are as 
^ood as any that have come under onr observation : the condeosera, we are 
mclined to think, are often made too small by the Comieh engineers. 

All the Comi^ engines are furnished with a steam jacket to the cylinder, 
Bod, in tome cases, a fine winds spirally round the jacket, carrying hot air 
f^om a small fire in (he engine bouse, to maintain the temperature of the 
aleam unimpaired. Where this is not done, the cylinder is encased in a 
large jacket, filled with some non-conducting substance, or is covered with 
wood. In plate T, entitled "Pumping Engine at Vanxhall, by R. Hoakiog, 
Engineer,* a very efiectnal casing of (his kind is shown ; and the covering 
is extended to the steam pipes and boilers, which are cu^faliy encloaed in 
the Comith practice. It is by this effecloal prevention of the needless dis- 
persion of the heal, and by the large use of the principle of eipaniion, 
that the economy of the ComiBh engine is realised, for the boiler bai bat 
slender claims to excellence, and is in every respect inferior to the marine 
boiler, whether flue or tubular. A material economy is certainly derivable 
trom the use of the steam jacket, though on what principle such an 
economy should result, is not easily discoverable. The jacket prasenti a 
larger cooling aut&ce than the cjilinder itself, so thai its use might reason- 
ably be euppoaed to occasion an mcreaied loss trom coodensation ; never- 
theless, of two engines, in every rt'Speet identical, but one provided with 4 
steam jacket, and ^e other without it, the engine without the jacket has 
given a cooaiderably inferior result ; and the same engine, if worked with a 
jacket, his proved itself more efficient and economical than if worked 
without it. We have given in pages 55 and TO, views of Cornish boilers of 
the most approved kind. The boilers are easily made, but the ashpits are 
much too contracted, and the water level ia of insufficient area, so ihat 
boilera of this kind are difficult to keep, and are liable to prime. The 
steam pipe of the Cornish engine is greatly smaller ihan is usual in other 
engines, and no inconvenience arises from its contraction, while the loss of 
heat from radiation is diminished- Many of the Cornish engines have a 
steam casing in the top and bottom of the cylinder, as well as aroimd il ; 
and in some alio a space is left fbr steam in the stuffing box, so that if any 
leakage takes place it will be a leakage of steam, which will only increase 
the consumption of fiiel, instead of a leakage of air, which wilt diminish 
the power c^ the engine. To accomplish this object, the staffing t>ox ia 
made vei? deep, aiut above the packing a lantern brass ia introduced, on 
the top of which pairing is again laid, and the whole is pressed down by 
the gland. The lanlem brasa leaves a space between the two picldngt, 
into which steam is introduced by a pipe from ihe steam pipe. 

In most pumiung engines one end of the beam it made longer than the 
other, the intention being to enable the cylinder to have a long stroke^ 
without commnnicating tnch a velocity to the pump buckets as mil make 
them strike hard, and wear themselves quickly out. One advantage of a 
long stroke is, that high pressure steam may be nsed without being obliged 
to make the parti inconvenientiy strong i for the principal parts of the 
engine have to be made of the same strength whatever be the length of 
the stroke, and to increase the diameter of the cylmder, to compensate fbr 
shortneaa of the stroke, involve! the necetiily of a strong and expenaive 
engine. Woolfs plan of employing two cylinders ia sometimes ns^ u an 
alternative remedy, and in some recent en^nes the plan baa been much 
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there is less iiregalarity in the impelling force, there is greater com- 
plexity in the machine, so that a long stroke with an unequal beam appears 
to be a preferable expedient. We haye already, in page 121., and the 
following pages, shown that there is no loss of power occasioned by the use 
of the crank in steam-engines, and we hare here to combat the correspond- 
ing supposition of a corresponding loss in pumping-engines, from the in- 
ertia of the matter put in motion at each reciprocation. The first error, 
that of a loss of power by the crank, we have already disposed of, on the 
principle of virtual velocities, in connexion with the consideration, that as 
no power can be created by a mere combination of levers, so none can be 
destroyed thereby. The second, 'and more respectable fallacy, that power 
is absorbed in incessantly producing and destroying the motion of the re- 
ciprocating parts of a machine, we shall consider at some length, — regard 
being had, in our remarks, rather to the ** number, character, and qualifica- 
tions '* of the holders of the obnoxious doctrines, than to the intrinsic im- 
portance of the heresy itself. 

First of all, then, it is obvious that it takes some power to put a beam in 
motion, supposing it balanced upon its centre ; and irhen motion has been 
communicated to it, an equal amount of force, applied in the opposite 
direction, is required to destroy the motion. To one contemplating the 
heavy masses of matter to which motion is alternately imparted and op- 
posed, the inference is natural, that a proportion of what would be other- 
wise available power is inoperatively expended, first in overcoming inertia, 
and, second, in destroying momentuuL The working-beams and side- 
levers of steam-engines sdSbrd the most fiimiliar example of this. We there 
see a weight of several tons, including the varioos attachments, moving 
with considerable velocity, alternately in opposite directions. Some other 
machines, we shall find, supply more striking illustrations, such as planing 
machines, stone-cutting machines, reciprocating saw-mills, &e. In facX^ 
instances of incessant reciprocation are not much less common than in- 
stances of continuous rotation. Unlike the loss from friction, atmospheric 
resistance, viscidity, and imperfect elasticity, we shall find that this loss, if 
any exists, is of a nature susceptible of mathematical investigation. We 
f hall take the reductio ad ahswrdum pUm, and show that if the ultimate loss 
be any thing, it must in some instances be so great as to absorb the whole 
power of the machine. In the case of an ordinary engine-beam, with the 
usual connexions of piston, connecting-rod, or plunger-pole, &c, the inertia 
of the beam, or its resistance to motion, may be regarded as equivalent to 
that presented by a certain weight at each 'extremity. It is a fiuniliar 
problem in theoretical mechanics to determine at what distance from the 
axis the matter of a beam must be concentrated, in order to oppose the 
same resistance to motion that the beam does in its natural state. This 
distance is called the radius of gyration, and the point the centre of gy- 
ration. Assuming, again, any distance — such, for instance, as half the 
length of the beam — we can determine conversely what proportion of the 
mass placed at that distance will present an equivalent resistance : this may 
be termed the mass of equivalent inertia for that radios. 

Suppose the beam in question to be a prism, of which the length bears a 
great proportion to the other dimensions ; then, if we imagine one third of 
the weight to be placed at each extremity, and the rest to be annihilated, 
the resistance to angular motion would continue the same, and one third 
would represent the mass of equivalent inertia. In a common beam we 
may take one fourth as the mass of equivalent inertia at the extremity of 
the lever: to this must be added the gross weight of the attachments to the 
outer ends, and that of the connexions to the intermediate parts, reduced, 
in the proportion of the square of their actoal distance from the main 
centre, to Uie square of the half length of the beam. 

Take, then, the case of a winding engine at an inclined pUme on one of 
the coal railways in Lancashire — cylinder, 18 in. diameter; length of 
stroke, 6 ft ; heavy beam, which may weigh from 2 to 3 tons, one fourth 
of which call 13 cwt; weight of the o&er reciprocating parts, say 27 cwt ; 
total, 40 cwt We may then consider the engine-beam as a simple weigh- 
beam without weight, but having suspended at each end a scale-pan con- 
taining 20 cwt This engine sometimes makes forty strokes per minute, 
giving a velocity of 480 ft per minute, or 8 ft. in the second ; in the fourth 
part of a stroke, or three-eighths of a second, this weight has had a velocity 
of 12 ft per second communicated to it, the maximum being to the average 
velocity as the semi-circumference to the diameter ; so that a force had 
been in operation which, acting for one second, would produce a velocity 
of 32 ft per second. 

To put 2 tons in motion, at a velocity of 12 ft per second, requires a 
meclumical power equal to the descent of that weight through the space it 
would fkll A-eely, to acquire that velocity — that is, through 2 ft 5 in. : 
thus, during each half revolution, or single stroke of the engine, we have 
a force expended equal to 2 tons, or 4480 lbs., moving 4 ft 10 in. ; but 
the piston having an area of 254 square inches, it will be found that a 
pressure of 14 lbs. per inch is absorbed in moving and checking the re- 
ciprocating parts. The ordinary pressure in the boiler may be from 25 to 
30 lbs. ; but the actual pressure on the piston cannot, at that speed, exceed 
15 or 18 lbs.; and thus we should have three fourths or seven eighths of the 
whole power spent in moving the working parts. In spite, however, of 
this great deduction, the engme is found to perform its work with ease ; 
which could not be the case if the loss were a real one. In f^t, on the 
above computation, supposing the velocity to be somewhat increased, it 
would take more than the whole pressure of the steam merely to keep the I 



engine going. So fiu*, however, from this being the case, it is foofd that 
when the pressure on the piston is constant, the usefiil effect is in the direct 
proportion of the velocity. 

Let us now take a different example. Suppose the case of a pumping- 
engine with 72-inch cylinder, and 10 ft stroke, weight of plunger-pole, 30 
tons, with balance- weight at other end of beam ; weight of reciprocating 
parts referred to the end of the beam 7 tons, total reciprocating wei^t in 
lbs. 150,000. Suppose the number of strdces to be ten per minute, and a 
pause of half a second to be made after each single stroke, the average 
speed of ^ the piston would be 240 feet per minute ; and conceiving the 
acceleration and retardation to take place uniformly, the greatest veloei^ 
will be 480 feet per minute, or 8 feet per second, which is the velocity a 
body fklling freely through the space of one foot would attain. Now» 
taking the power spent in retardation as equal to that spent in acceleration, 
we have for each double stroke of the engine a weight of 150,000 lbs. 
moving 4 feet (equal to 600,000 lbs. through 1 foot), which, reduced in the 
proportion of 4 : 20, gives 30,000 lbs. as the constant pressure upon the 
piston, » 74 lbs. per square inch, supposing both strokes to be effective, hot 
»15 lbs. snpposmg only one, — an amount which in most cases would be 
more than sufficient to absorb the whole power of the engine. In this 
computation, we have proceeded on the authorised plan of adding the foroe 
required to put a body in motion to that required to d^troy the motion, 
and presented the two as the sum of the power expended ; but the truth 
is, that these two forces, being exerted in opposite directions, not their sum, 
but their difference, should be taken, and these being for the most part 
equal, they neutralise each other, and the actual power absorbed is Just 
nothing at alL In the case of the water in the pumps the same remark it 
applicable, for though power is consumed in putting it into motion, this 
power is again given out in maintaining the now after the stroke has ter- 
minated. In the Cornish engines this action is particularly visible, and the 
water will be found to continue to flow from the pump for some time after 
the completion of each stroke. 

The pump-valves of engines working high lifts are a continual ionree 
of trouble and expense, and many expedients have been contrived to abate 
the shock and tremor caused by their rapid closing. Of these, the best is 
probably the valve known as Harvey and West's, which is, in all its ma- 
terial futures, identical with the balance-valve, represented in plate 6 
entitied ** Valve gearing of a Cornish engine." This valve presses down 
with very littie force, and an annular recess is frequently made in the 
pump bucket, which is filled with end wood, on which tiie valve ftUs. A 
good plan would be to make in the valve a recess, to be filled with water, 
which must be forced out by a corresponding protuberance on tlie bucket 
before the valve can close, and the necessity of forcing out the water will 
cause the valve to close ^^radually, and thus take away the shock. In some 
of the French and Amencan engines, canvass valves are used even for the 
air-pump ; and the plan has been recentiy introduced into English engines, 
which are intended to work at a high speed — in some cases with good 
effect; though in others, probably from the employment of an inferior 
quality of canvass, the valves have worn out very quickly, llie bucket 
consists of a metal disc, perforated with a large number of small holes, 
and these holes are all closed by a canvass disc, which rises and fUls like 
a common pot-lid valve ; with the exception that it is bound down at the 
eye, and the edges only left Indian rubber has been tried as well as can- 
vass, but it sinks too much into the holes, and has not answered so welL 
Plies of canvass, stuck together by Indian rubber, would probably be the 
best materiaL 

If there be any case in which the use of an engine-beam can be excused, 
it is in the case of a pumping-engine. Direct action is inconvenient and 
precarious over the mouth of a mine, and we do not conceive that the 
beam of the pumping-engine is likely to be so soon discarded as in other 
eases. The main-b«un rests on a wall of masonry near the mouth of the 
mine, as may be seen by a reference to the plate of a ** Cornish pumping- 
engine.** At the one end of the beam is the cylinder, and at the other end 
the pump-rod, which penetrates into the mine. From the pump-rod end of 
the beam the rods for working the air-pump and feed-pump are suspended. 
The air-pump is shown in dotted lines, and beyond it appears the condenser, 
situated in the cold water cistern, with a valve attached to the end of a 
curved pipe, for admitting the injection water — the valve being wrought by 
the cataract which stands beneath the valve gearing. A rod passes through 
the end wall of the house, for adjusting the position of the centre of the 
radius-bar of the parallel motion. The cylinder end of the beam is armed 
with catch-pins, which strike on the spring beams stretching from the 
lever-wall to the end of the house, if the piston proceeds down so fiff as to 
endanger the cylinder bottom. The feed-pump stands on the top of the 
eduction pipe : the valve gearing we have already explained. It is nsoal 
in the Cornish practice to make the lowest pump of the series of lifts^ a 
lifting pump, and all the others forcing pumps. The plungers of the forcing 
pumps are more easily packed than the buckets of the lifting pumps ; and 
there is not the same risk of drawing air, but the lowest pump is made a 
lifting one, to fhcilitate extensions to a lower level, and also to prevent the 
pump valves iVom becoming inaccessible if the water accumulates in the 



mme. 



The pumping-engine erected at Vanxhall by Mr. Hosking is a very 
creditable specimen of this variety of engine, and mav be safely taken by 
others as a modeL There are parallel motions it will be observed, and 
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cateh-fADS at both ends of the beam. Winches are placed above the cj' 
Under, and pumps to raise the piston, and pomp buckets easily. There is 
a prgudice among the Cornish engineers to metallic packing in the pistons, 
and the use of hemp is attended with much trouble, from the continual 
screwing down and renewal it requires, especially if the pressure of the 
steam be considerable ; but this prejudice is now wearing away, and me- 
tallic packing is gaining a gradual introduction. Notwithstanding all the 
ingenuity, however, expended upon the Cornish engine, and the very effi- 
cient performance to which it has attained, it appears to us to stand on the 
yerge of early supercession, and we question whether it can maintain its 
ground for many years. The centrifugal pump is now under trial as a 
pomp for the drainage of mines, and should the results which have been 
realised be confirm^ by more extended experience, there cannot be a 
doubt that the whole of our present system of raising water must undergo 
a rerolution. Small engines working at a high speed will then perform lie 
ftmctions of the cumbrous and lethargic pumping engine ; smaller pipes 
will suffice, as the flow of water through them will be continuous, and 
pomp yalyes, with which there is much trouble at present, will cease to be 
necessary. The present Cornish engines, though rudely made, are very 
expensive, as there is an immense quantity of iron in them ; besides which, 
the engine-house and foundations require to be so strong and massive, that 
they add lugely to the cost 

THE BOTATTVE ENOINX. 

Of the rotadve land-engine, the sixteen-horse power engine of 
Messrs. llandslay & Field, represented in plate 8, may be taken as a 
good example. It is our conviction, however, that this species of engine 
mast go altogether out of use, as several kinds of direct-action engine are 
flff more simple and compact, and appear to be in every way entitled to a 
preference. One of these is the oscillating engine ; another is the species 
of engine attached to Robinson's cane-mill, represented in plate 9, and there 
are several other varieties. We shall not, therefore, here dwell upon an^ 
description of the ordinary rotative or mill-engine, as we look upon it 
now as a mere piece of antiquity, and although as a necessary part of our 
plan, we give in pages 206 — ^214, a full account of the details of the ordinary 
beam rotative engine in its most approved form, we have not a word to say 
in coDunendation of that species of engine. The jacket in Messrs. Ii^md- 
slaj's engine, plate 8, it wUl be observed, is cast in the same piece with the 
cylinder. The valve easing is provided with packing ports on the back, 
iqpon tiie lowermost of which the blow-through valve seat is cast The 
eondenser is situated in the cold water cistern, beneath the cylinder. 
Mr. Fairbaim's 60-horse power engine, plates 10 and 1 1, has the peculiarity 
of a toothed fly-wheel : in the rest of the arrangements there is litUe un- 
usual. In some cases the double-cylinder engine is used for driving mill- 
work, and some very excellent specimens of this variety of engine have 
bM» produced by Messrs. Rennie, Messrs. Hall of Dartford, and Mr. Hick 
of Bolton. In engines for driving cotton-mills, the double cylinder plan 
may perhaps be an expedient one, for then the equability of motion is of 
the bluest importance ; but in ordinary cases, where expansion is desired, 
it appears to be the preferable way to use either two smaller engines, set 
at right angles on the shaft, or a single cylinder, with a heavier and swifter 
fly-wheeL There cannot be a doubt, moreover, that engmes working at 
twice the usual speed, after the maimer we have already recommended, 
must come into use for driving cotton mills $ and if the speed be greater, 
the expansion may be carried further, without impairing the regularity of 
motion. The details of this species of engine we need not here enter 
iqKm, as the necessary information respecting them will be found in pages 
206 to 215. 

. MARINE ENGINE. 

The marine engine has now become the most important variety of the 
steam engine, not merely on account of the great extension of steam navi- 

r' », but because it is &st superseding the ordinary steam en^e, even 
land purposes. We shall therefore enter into the consideration of the 
stmctnre and operation of this engine with considerable fulness of detail, 
and much of what we say will also be found to illustrate the merits of the 
other varieties of engine. Of the side lever marine engine, the engines of 
the City of London steamer, by Mr. Robert Napier, plate 12, may be 
taken as an illustration. We may take this engine as a text to suggest 
tiie f«ew remarks upon side lever engines we here desire to record, postpon- 
ing to a more advanced stage of our progress, (pages 215 to 230.), any 
extended enquiry into the details of that description of engine. 

The framing diown in plate 12. is of malleable iron. TUs is a wise inno- 
vation, for it was a difficult thin^ to prevent cast iron fhuning fh>m being 
broken by the working of the ship, though we believe Mr. Robert Napier's 
framing was more exempt from such accidents than that of any other 
maker. This malleable iron framing is a judicious one ; yet we think it 
might have been an improvement if the diagonal stays had run on to the 
eflmder, the parallel and valve motion shafts being supported on a column 
tied to the diagonal stay by a bar running from the top of the column to the 
jmetion of tlM lower diagonal stay, with the crank shaft pillar adljoining the 
air-pdmp. The piston rod is secured into the crou head with a nut on the 
lop^ as well as a cotter through, which is a good practice, lliereistoolittie 



taper in the part of the rod which fits into the crou head, so that it will 
jam, and cannot be got out without ^at difficidty in the event of such 
disconnexion being wanted. There is also too little taper in the piston- 
rod where it passes throng the piston, though there is a counter-sink to 
take the strain, which will prevent the piston rod fh>m splitting tiie piston. 
If the cone on the piston rod end be made slight, and nothing be added to 
take the strain, the rod will be drawn up through the hole, and the piston 
will be split : this accident has hi^>pened to several of Mr. R. Napier's 
pistons. The piston packing consists of a double tier of rings. We think 
a single ring turned, of an eccentric form, and fitted with a tongue-piece, to 
be a preferable packing. 

The valve is of the long d variety, of which we do not approve much 
for large engines, and the method of packing it is not convenient. 
There are no packing ports formed in the back of the valve casing, but the 
packing has to be put in from the inside, and the valve has to be drawn 
every time that it is packed. It is a defect we conceive for the eduction 
passage to enter the condenser at so low a leveL The fluicett joint in the 
valve casing is a good arrangement, and ought to be applied to all engines 
above a moderate sixe. The air-pump bucket is unprovided with a junk- 
ring for screwing down the packing, the want of which is, in large engines, 
a weighty fiudt The bucket valve is of the common pot-lid description, 
which strikes hard. There are two delivery valves, one in the mouth of 
the pump, and the other in the hot well. We do not see the use of this 
multiplication, especially when there are engines working well without any 
delivery-valve at aU. The same objection that we brought against the 
want (^sufficient cone in the ends of the piston rod applies also to the air- 
pump rod. The connecting-rod is needlessly heavy : the connecting-rod 
at the smallest part need not be so thick as the piston rod, and here it is 
much thicker. The starting gear in the City of London, consists merely 
of a long lever, by which it is difficult to obtam sufficient power for moving 
so large a valve : a great number of men are required to start the engine, 
and the travel of the starting lever is so great, when the engine is thrown 
into gear, as to be a source of danger to persons in the vicinity. This is 
not a common fiiult of Mr. R. Napier's engines ; in the engines of the Pre- 
cursor, the starting gear is the most elegant and convenient that has come 
under our observation; and the engines of the City of London, notwithstand- 
ing the slight imperfections we have mentioned, are sound and good engines 
in most respects, and will, we have no doubt, cost but littie for repair. In the 
Precursor and British Queen steamers, the engines of both of which vessels 
are by Mr. R. Napier, the starting gear consists of a wheel, like the steer- 
ing wheel of a ship, which, by means of a pinion working into a sector on 
the valve-shaft, gives motion to the valve, and the power is thus so multi- 
plied that one man can start the engines. To prevent inconvenience fh>m 
bein^ experienced by the en^eer from the rapid whirling round of the 
starting- wheel, when the engmes are thrown into gear, the disconnecting 
apparatus it is so contrived Uiat the act of throwing the eccentric rod into 
gear, throws the starting wheel out of gear, and vice versd. In the Precur- 
sor the eccentric rod is thrown out of gear by means of a lever, with a 
pulley on the end of it, and which, being forced up against the under side 
of the eccentric rod, lifts the rod out of a notch. The centre of this lever 
is attached to an eccentric stud in the fhiming, which is so contrived, that 
when the lever is in the position which allows the eccentric rod to fall into 
gear, the eccentric stud draws back the valve-shaft, so that the teeth of the 
pinion are no longer in gear with the teeth of the sector ; but when the 
lever is foreed up into the position which throws the eccentric rod out of 
gear, the valve shaft is pushed forward until the connexion of the pinion 
and sector is again established. It is very desirable that this or some equi- 
valent contrivance should be adopted in all engines where the startmg 
handle has a large travel, as the rapid movements of the starting handle, 
when the engine is thrown into gear, will otherwise be a source of much 
danger to the engine attendants. 

The engines of the steamers Clyde, Tweed, Tay, and Teviot, plate 
13, by Messrs. Caird and Co., are clear of many of the defects which 
we have just mentioned, but they have others of their own. Of 
these, the most remarkable is the obstruction offered by the valve 
to the entrance of the steam into the valve casing, when the valve is at 
the lower part of its stroke, so that during the upward stroke of the 
piston the steam Li effectnaUy throttied. This, of course, was an oversight 
of construction, but it is one that must seriously impair the efficacy of 
the engines. The diagonal stay appeare to be too weak where it joins 
the cylinder. It is a bad plan to have the main centre going through 
the condenser, as it is difficult to keep the joint tight, unless a pipe be 
cast in for putting the main centre through; and if that be done, the in- 
equality of contraction in the metal makes the sides of the condenser 
very liable to be cracked, by heating with steam in blowing through, and 
cooling with cold water when the injection is admitted. Many of Messrs. 
Caird*s condensers have been cracked in this way. It appean to us pre- 
ferable to make the condenser in the form of a large and tall pipe, the nudn 
centre being supported by pillow blocks of a suitable construction ; and 
this is the plan followed by the London engineen in their side lever marine 
engines. 

I^addk'whedt. If a body moves through a quiescent fluid with a given 
velocity, or if a fluid moving with a given velocity impinge against a body 
at rest, the resistance will m either case be as the square of the velocity, 
while tiie power requisite to overcome that resistance will be as the cabe 
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of the velocitT ; 10 that if the Tcloeitj of ■ lUamcr tedonliled, the reuituce 
esperieilced ui paamog throogh the v*ter becomes fonr timei greater thui 
before, and the power required to Mhiere lh« doubled ipeed eight timei 
greater than before. Thii is explained b? the circnmitance that the 
retittanee t£ a bod; moTing in a flmd is proportionate to the nnmber of 
putieles Mniek and th« velocil; with »hich Ihej are etruck : as twice the 
number of parUeles art Mruek, and each particle with twice the force, there 
i« fbnr tima tbe renilance ; and ai the itruo occanoned bj thi> reaialance 
b fbar times greater upon the engine, and the engine has at the lame tine 
to work at twic« die speed, there moat be four bme« the expendilnre of 
power. If the inrface of the reusdag body be denoted by unity, and d 
denote the denaitf of the flnid, r the resistance which it opposes to the 
motion of a solid body, and d the Telocity of motion ; then, luuTersally, r is 
a* d s*, and if a denote the area of the plane, raaaadv'. 

The abiolnte resistance which a quiescent fluid opposes to a plane 
■nr&ce monng through it with a giTen velocity, is eqoal to the weight of 
, acolunmof the fluid whose base is the plane, and altitude the aame as that 
which is due to the velocity of motion ■, that \i, tbe height through which a 
heaty body most fall to acquire that Telocity by the action of graTity. 
Puttmg a for the area <^ tbe plane of impact in square feet; A, the height 
through which a heavy body mnat ftll to acquire the velocity by the action 
of gravity ; r, the resistance offered by the flmd to the motion at the plane ; 
M, tte specific gravity of the fluid ; v, the velocity of motion in feet per 
second, and g, 33( feet, the constant coefficient for gravity : then, as r is 
proportiuial toade', orwhat is the same thing, a » d', and as r is also by 
tbe propodtion equal to a A t, while A, by the laws of EiUing bodies, is equal 
to the aqDare of the velocity divided by twice the power of grari^, we 
^yg r~^— and as the weight of a cubic foot of river water it 6!] lb*. 
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is 



and by restoring tbe numerical value of 2 j we get 



ce — area ■ velocity squared XO-9T19. 

To ascertain the reNstance in horses power we must take one minute for 
the nnit of lime, multiply the coefficient by 60 times the velocity in feet 
per second, and ivide by 33,000. The equation then become* — 

Resistance in horses power=area « velocity cubed x 0-00176637 
This expression, however, though fairly representing the resistance in 
hones' power, or the unmljer of hor»es' power necessary to impel at a given 
speed such vessels as the Medea and others of the same stamp, will not 
apply in the case of very shaip vessels, and indeed a new co-efficient is 
necessary for every different shape. The Medea has an immersed sectional 
area of 363 square feet, and is impelled at the rate of 11-33 English miles 
an hour, or 16'61733 feet per second. 16-61733' x 263 k 0-00176637 - 
2131 -675horses' power, so thataiSl horses' power would be required to fbree 
a plane with an area of 363 feet through the water at tbe rate of 11-33 
miles per hour The power of the Medea, however, is only 230 horse*, 
andofthisaboutonethirdisloslby the slip of tbe wheel leaving only 146 
horses' power available for her propoluon, to that the shape of the vessel 
has the efieot of reducing the resistance froni 14*6 to 1. With a better 
shape there will of course be a still larger reduction. 

Wbeu a fluid- impinges upon a plane surface in an oblique direction, it 
will impel the plane in a direction at right angles to its anrnce with afbrce 
which is proportional to tbe square of the velocity of motion, the density 
of tbe fluid, the area of the plane, and the square of the sine of the angle 
of incidence. The equation for the resistance then becomes — 

Resistance — area r velocity squared xsine squared of angle of incidence 
ic 0-9719 and tbe resistance m horses' power stands thus : — 

Resistance in horses, power = area x velocity cubed x sins squared of angle 
of incidence n 0-00176637. 

When a paddle wheel is first pat iu motion, every point upon it describes 
a circle round the centre ; but as the vetsel begins to move, the forward 
motion of the vessel being compounded with the rotative motion of the 
wheel, each point describes in the air or water a curtate cycloid dif- 
fering from a circle in the proportion of its propinquity to tbe centre. The 
(peed of the vessel is usually about a third less than the speed of the ei- 
tremities of the paddle a^m^ and a circle therefore described on the wheel 
with a radius of two thirds the length of the paddle ann will travel with 
the same speed as the vessel passes through the water. This circle, which 
is usnally called the rolling circle, is such, that if the vestel were travelling 
upon land upon wheels of that sise, and with the same speed of engine, her 
velocity would remain unafi'ected. If d denote the diameter of the rolling 
circle (a feet, m the velocity of the vessel in English miles per honr, and 
K the number of revolutions of the wheel per minute, we have 5280 m for 
the motion of the vessel in feet and 60 a for the number of revolutions; so 

tbat — ^i* the circumference (tf the rolling circle, and its diameter i* 



As every prant in the radius of the wheel move* with a greater velocity 
as it is further from the centre, it ii clear that the portion of the paddle 
board furthest removed from the centre must experience a different degree 
of resistaikce trma the portion nearer to it ; and the mean centre of pres- 
sure therefore caimot be at tbe centre of tbe final, but at a ptunl nearer the 
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outer edge, and varies also with the angleef the paddle and the depth of 
the immersion. For light immersions it may be reckoned that the renn- 
ance on any point of the paddle board varies as the 3d power el ita dis- 
tance from the rolling circle : and assuming this, let lu put R for the isdliH 
of the wheel estimated from the centre to the outer edfe of the paddle 
boardj r, the radios of the rolling circle -, S, the depth of ae paddle band; 
z. Buy variable distance estimated from the upper edge of paddle board t 
and j>, the distance between the upper edge and centre <rf preamrc; Tlkcn ' 
(R— r) it the difierence between tbe radius of the wheel and tbat cf tbe 
circle of rotation ; couseqnently the differential of the rcNstanee beeanea 
{CR-r) + ij'<f«, and its integral is {(H-r)-fyj ■ Jj and by reduction »• 
arriTe at the following rule ; From the radius of the wheel subtract the 
radius of the rolling circle ; to the remainder add the depth of the paddle 
board, and divide the fourth power of the som by four times the depth ; 
then from the cube root of tbe quotient subtract the difference between 
the radii of the wheel and circle oT rotation, and the remainder will be tbe 
distance of the centre of presstire from the npper edge of the paddle; In- 
stead of the common radial paddle-wheel, a deecnption of wheels with 
moveable floats, known as Morgan's wheels, are now maGhem[>loyed, though 
they were for many-yeara regarded with dis&Tour. In this wheel cadi 
paddle, which is of iron, is hung npon a centre in the maniker of a throttle- 
valve, and is connected by a r«l to a fixed eceentrie, either on the aide «f 
the ship, or npon the «pnng beams which sustain the end of the paddle- 
shafL When the wheel revolves the operation of the eccentric mfintnlTn 
every float in the vertical position, or nearly so, whereby a more perfect 
action of the wheel it realized than if the floats were fixed, as in the ease 
of the common radial paddle with wooden floats. 

In considering attentively the action of tbe paddle wheel, it will be re- 
marked, that althongh the circular velocity of the wheel is onifbim, very 
unequal portions of the cycloidal path are described in equal time* ; for the 
space described during the first quadrant is more than donble that described 
during tbe tncoud. and that described during the third quadrant is lesi thru 
half uiat described during the foorth. The result of this action is, that the 
vertical paddle board, instead of Imng the most effectual in the propniuoa 
of the vessel, as might appear on a cursory Surrey, it the least effectual of 
the float! immerged : for the horiiontal velocity of a float when in the 
vertical position, is at its minimum point, and consequenUy in the common 
radial paddle wheel both the enterms and emerging floats are the more 
effectuaL In the feathering paddle this action is materially modified, and 
the feathering paddles do not involve the same loss of power. By ren- 
dering a smaller diameter of wheel applicable, too, they enable the engines 
to move at a higher speed, whereby (heir efficacy is increased : a vessel 
that will go 13 miles an hour with the common wheels, will make a mite 
an hour more with the feathering wheels, the power of the engines b«ng 
the same in both cases. 

Much pr^udice at one time existed to the use of foatheriug paddle* in 
the case it sea-ginng steam vessels, and not altogether without reason, s* in 
several instances the paddlewheelswere so insecure tbat they were entirely 
swept away by the sea. But this ftult was one merely of construction, and 
in (he wheels made by Messrs. Peon, and latterly too by several other 
makers, no defect of this kind has arisen, while the speed of the vetsel is 
certainly materially greater than if the ordinary paddle-wheel had been 
adopted. The constractive expedients employed by Morgan weie in many 
respects very defective ; but the wheel as now made is probably at KroDg 
as many examples of the common wheel, and while it give* a better renlt, 
it is of much more convenient dimensions. The beneflts derivable fiom 
feathering floats, however, will not be realised to any appreciable extent, 
unless the wheel be kept very small in diameter, for it is then alone that 
the engine can gel away at a lapid speed, and it is from the tuperior tpeed 
of the engine, rMher than from any other cause, that the benefits due to tbe 
feathering action are attributable. Wheels of the common radial kind 
cannot be made small in diameter without involving auch a disparity in tbe 
effect of the entering and vertical floats, as to occasion a material loss of 
power -, added to which, the entering floats, if fiir up on the arc of the 
wheel, will carry a wave before them in the same manner as the bow, 
whereby an additional loss of effect will be occasioned. Upon the whole, 
it appear* cipedieut that paddle-wheel neamera should have their flats 
made on the feathering plan ; and a very perfect specimen of thii kind of 
wheel it given in the views of the machinery of the Black Eagle steamer 
by Messrs. Fenn, represented in Plates 18. and 13. 

Dkedoiko. — An application of the marine engine of some impcnlance 

is lo the purpose of dredging, and we here give the head* of "'■- '* 

cation of a dredging machine planned by Hr. 7 
Harbour Trust: — 

BMkttLadder. — The ladder shall be 3fiR. long between the centres of 
the tumblers. The details of this ladder are shown in the drawing, and the 
following are a few of the principal dimensions. The main beama shall be 
oak, each 32(1 SiiL long, ISin. deep, and 6 in. thick, placed Sit 3)iD. 
apart ; four cross ties of oak must be placed between these beams and moi^ 
ticed into them, each 13 in. x 6 in., and in the positions shown in the draw- 
ing. Elsch of these main beams shall have 3 tn. of camber. Theae main 
beams shall be trussed by a beam of oak, 6 in. n 6 in., in the farm shown 
in the drawing. Between tbe main beams and the carved beams, strut* 
6in, k6 in. must be placed, in the pontiont shown in the drawings and pro- 
perly morticed into the beam*. Between the two curved beam* en** ^eees 



T. Locke for the OrKuoek 



Varieties of the Steam Engine, — Dredging* — Screw Propeller. 



177 



of timber shall be placed where shown in the drawing. At the ends of the 
ladder where the beams join, chock pieces, 6 in. thick, and reaching 6 ft 
6 in. from the ends, must be placed. The two beams most be doTctailed 
into these chock pieces, and all firmly bolted together. The extreme depth 
of the ladder at the middle most be 3 ft. 9 in., and at the ends IfU Sin., the 
whole formed of oak. 

Sockets, — Two malleable iron tie sockets for the ends of the beams must 
be famished ; they shall be 3 ft. 6 in. long and 1 in. diameter; and must be 
placed one on each side of the oak ties between the main beams. 

Iron Truss Rods. — The ladder must be trussed by two rodsof IJin. 
round iron; each rod must have a box screw for tightening it 

Hinges. — Two malleable iron hinges must be fastened to the top of the 
backet ladder; they shall be 8ft in extreme length, and l]in. thick; the 
head of the hinge must be 20 in. diameter, and the hole for the hiuge shaft 
bored to 13 in. diameter. The arms shall be 8 in. broad, with four slots, 

8 in. long, in each. These hinges must be bolted to the beams, as shown in 
the drawing. 

Arms at Lower End of Ladder. — Two malleable iron arms, 7ft 9 in. in 
extreme length, must be &8tened to the lower end of the bucket ladder. 
They must have four slots, 8 in. long, and be bolted to the beams ; the 
lower end to be fitted with straps, cutters, gibs, and brasses. Each strap 
must be furnished with a strong shackle for the hoisting chains: an extra 
hole must be left for the pin of the shackle, so that it can be shifted when 
required. The part of the arms where the shackle is fixed shall be 8ft 
3 in., as shown in the drawing. 

Tumblers. — A cast-iron tumbler must be fastened on the upper end of 
the bucket ladder, 2 ft 5} in. long, and 1 ft 8 in. square, with a malleable 
iron flange, 2 in. square, shrunk on at each end. The metal in the sides 
must be 1} in. thick, and the tumbler must have four snugs, as shown in 
the drawing. A cast-iron tumbler is also required for the lower end of 
the ladder, 2 ft 9 in. long, and 1 ft 8 in. square. It must be bevelled off 
3 in. at the ends, as shown m the drawuig. Two opposite sides of this 
tumbler must have snugs cast on them, 14 in. long, 3 in. high, and 2^ in. 
thick ; these snugs must be 10 in. apart The metal in the sides shall be 
1) in. thick. 

Tumbler Shafts. — A malleable iron shaft, 8 ft I in. long, and 6 in. 
diameter, is required for the upper end of the ladder. It must have key 
seats, of 7 in. diameter, for the tumbler and bevel wheel ; and two journals, 

9 in. long, and 6 in. diameter, and 5 ft 1 in. apart, as shown in the draw- 
ing. A malleable iron shaft is also required for the tumbler at the lower 
end of the bucket ladder. It shall be 3 ft 10 in. long, and 5 in. diameter: 
it must have two journals, 4 in. long, and 3 in. diameter, and 3 ft 3} in. 
apart 

^ BoBers for Pitch Chains — Eight cast-iron rollers are required for the 
pitch chain to run upon ; thev shidl be 2 ft long, and 7 in. diameter. They 
must have square spindles of malleable iron, of 2 in. diameter, at the jour- 
nals. Two cast-iron pillow blocks are required for each roller ; they must 
be sunk \\ in. into the beam, and firmly screwed down. The centres of 
the rollers shall be 4 in. above the ladder. 

Pitch Chains. — Two malleable iron pitch chains are required fbr the 
backet ladder. Each chain shall have 40 links and 40 joints, 20 single 
links and 20 double links : each link shall be 2 ft long between the centres, 
and 2 ft 5} in. long over all ; the links shall be straight on the top and 
bottom ; they shall be 3) in. deep, by 1{ in. thick, except at the joints. The 
pins for the joints shall be of steel, and turned to l] in. diameter, with 
round heads, 2} in. diameter ; they shall have washers, \ in. thick, and be 
&stened at the end with cutters, 1 in. wide, and } in. thick. 

Buckets. — There shall be twenty buckets, made of malleable iron. The 
backets shall be made of | hi. boiler plate. The onderside of each bucket 
next to chain shall be flat, and 1 ft 8 in. square, the bottom 8 in. high, and 
the mouth 1 ft 8 in. high. The greatest width at the mouth shall be 2 ft 
5} in. The upper side of the bucket shall be 2 ft long, and curved across, 
u shown in the drawings. The mouths of the buckets shall have a piece 
of iron, 3 in. broad, and I in. thick, rivetted round the outside ; and they 
shall have also a piece of steel welded around the edges. The bottoms 
and sides of the buckets shall be pierced with 12 holes each (24 in all). All 
these dimensions are inside measurements. 

Fixing of Buckets. — Each bucket shall be fixed to the double links with 
four pieces of 3 in. angle iron, each 15 in. long. These pieces of angle 
iron shall be rivetted to the sides of the links and to the bottom of Sie 
backet 

• Pedestals at Upper End of Bucket Ladder. — There shall be two pedestals 
Ibr the pillow blocks of the tumbler shaft at the upper end of the bucket 
ladder. They must have branches for supporting the bucket ladder, as 
shown on the drawings. Each of these pedestals shall be 13 in. high, be- 
sides snugs, 3 ft 7 in. long on the sole, 2 ft 9 in. long at the top, and 9 in. 
broad. Each branch shsdl have a ring projecting 2 in., and turned up to 
13 in. diameter, for the hinge of the ladder. There must also be a hole, 
9 in. diameter, through which the shaft of the upper tumbler passes, as 
shown on the drawing. A flange, 1 in. thick, 2 ft 8 in. long, and 1 1 in. 
deep, must be made on each side of the pedestal under the branch, and 
bolted to the top of the beams, as shown on the section. The sole of the 
pedestal shall also be bolted to the top of the beams. These pedestals shall 
be cored, but the metal shall in no part be less than 2 in. thick. Two pil- 
bw blocks shall be made for the upper tumbler shaft They shall each be 



9 in. wide, 2 ft 4 in. long on the sole, and 9 in. long from the sole to the 
centre, making the centre of the shaft 1 ft 8 in. above the top of the beams. 
The buckets shall work at a speed of not less than equal to emptying 17 
buckets per minute. 

Main Shaft. — The main shaft shall be of cast iron, and 45 ft 3 in. long, 
and 7 in. diameter. It must be in five lengths, with three circular couplings 
and one disengaging coupling, with a lever for throwing it in and out 
of gear, as shown on the (drawing. The centre of this shall be 10 in. from 
the side of the well, and 1 ft 8 in. above the top of the beams. The jour- 
nal shall be 7 in. diameter, and 9 in. long. 

Pedestals for Main Shaft — Five pedestals shall be formed for carrying 
the main shaft, as shown on the drawing. They shall be 2 ft 3 in. long, 
and 9 in. broad. They shall have arms or flanges below for embracing 
the beam, 1 1 in. long on one side, and 2 ft long on the other. They shall 
be bolted to the b^un and posts, as shown on the drawing. These pe- 
destals shall be cored, but no part of the metal shall be less than 1 in. 
thick. 

Wheels. — The fbllowing wheels and pinions are required. A bevel 
wheel on the upper tumbler shaft 59 -87 in. diameter on the pitch line ; 
it shall have 50 teeth, 3] in. pitch. A bevel pinion on the end of the 
main shaft, 29*82 in. diameter ; on the pitch line it shall have 25 teeth, 3f 
in. pitch : tiiese wheels to be of unusually strong dimensions. A cog wheel 
on the end of the main shaft, 70 in. diameter; it shall have 88 teeth, 2) in. 
pitch : this wheel most have a friction socket, the details of which are 
shown on the enlarged sketch. No. 2. An intermediate wheel, 5 ft 4( in. 
diameter, and 2| in. pitch. A spur pinion on the crank shaft, 39 in. dia- 
meter, 49 teeth, 2^ in. pitch. 

The Screw Propeller. — There is too little yet known respecting the 
performance and manner of operation of the screw propeller to justify the 
formation of rules pretending to regulate the details of practice ; but the 
conviction of the most expenenced engineers appears, at the present time, 
to be, that while for river steamers the feathering paddle is the best pro- 
peller, the screw has, at least, established a claim to equality in the case of 
ocean steamers ; while as a propeller for vessels fitted with auxiliary 
power it has an undisputed superiority. The competition railways are now 
establishing to lines of coast navigation makes it certain that the ordinary 
paddle-wheel vessels must be superseded by vessels provided with auxiliary 
power, which are capable of being worked at a greatly diminished expense : 
and this circumstance appears calculated to give an importance to the screw 
as a propeller, it could not have otherwise obtained. For vessels of war 
the screw has the manifest recommendation, that it is less exposed to shot 
and the whole of the machinery for driving the screw may be placed under 
the water line, which is not possible in the case of paddle-wheel steamers ; 
but this point of superiority is not of dignity enough of itself to claim much 
attention, and to the superior applicability of the screw in conjunction with 
auxiliary power, its growing importance as a propeller is chiefly to be 
ascribed. 

The fbrm in which the screw propeller was first applied to the Archi- 
medes steamer consisted of a broad helical feather attached to a cylindrical 
axis, driven by the engine, and which, working in the water in nearly the 
same manner as a carpenter's screw works in a piece of wood, carried the 
vessel forward in the direction of its length. The helical feather made a 
single convolution round the axis, the length of the convolution being 
re^datedby the pitch of the screw ; but this arrangement was relinquished, 
as it gave a vibratory motion to the boat, interfere with the action of the 
rudder, and threw the strain too much on one side of the axis ; and two 
half convolutions of a double-threaded screw were adopted, instead of the 
whole convolution of a single-threaded screw. In later applications the 
screw has been made much shorter than what answers to half a convolu- 
tion ; about one-sixth of a convolution is now a common proportion. In 
the Great Northern, the area of midship section at 16 feet draft of water is 
540 square feet while the screw contains about 90 square feet deducting 
the area of the boss. The speed of the vessel is nine statute. mUes an hour,^ 
and the slip of the screw is one tenth. 

If, when the vessel is at rest the engine causes the screw to revolve on 
its axis without advancing forward in the water, every point of its surface 
will describe a circle, the magnitude of which is proportional to the distance 
of the describing point from the centre of motion. It is clear the surfkce 
of the screw will strike the water with a force that is due to the velocity of 
motion, and the water will be impelled in a direction at right angles to the 
surface, with a velocity corresponding to that of the revolving feather, but 
varying in proportion to the distance of any particular point from the axis. 
This is the force that is effective in propellmg the vessel, and it will be seen 
that it is greater, at a greater distance from the centre, decreasing gradaally 
as we approach the axis where the velocity of the revolving surfiuse is smalL 
On the other hand, if the vessel moves forward in the direction of its length 
while the screw is prevented fW)m revolving on its axis, every pouit on the 
surface of the prcjecting feather will trace a straight line, equal in length 
to the distance passed over by the vessel ; or, in other words, the screw, in 
being pulled forward, will displace a cylinder of water of its own diameter 
and of the length of the vessel's motion, occasioning, of course, a waste of 
power in the operation. When the screw is put into action by the engine, 
both of these resistances are encountered. If the action of the propeller 
were perfect the screw would operate as if working in a nut ; and as there 
would be then no loss by slip, we could ascertain the speed of the yessel by 
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multiplying the number of revolutions by the pitch of the screw, and divid- 
ing b^ 88, which w«uld give the speed per hour in statute miles ; but in 
practice the speed is generally fh>m one-tenth to one-twentieth less than 
the speed thus ascertained. There is not an invariable loss by slip, how- 
ever, or at least not an apparent loss, for in some cases, the vessel is pro- 
pellc^d at a faster rate than if the screw worked in a solid. One cause of 
this anomaly probably is that the water in closing in upon the wake of the 
vessel having a motion given to it, the screw impinges, not upon still, but upon 
moving water, whereby an increased reaction is obtained ; but something 
depends too upon the size of the screw, and in general it has been found 
that when the superficial area of the screw, taken as a disc, is about one- 
fourth of the area of the inmiersed section of the vessel, the speed will be 
as great or greater than if the screw was working in a solid. The water 
partakes very little of the rotatory motion of the screw, but is drawn in on 
all sides from the circumference towards the centre, and is then projected 
aft in a column slightly conical, as it recedes from the screw. The pitch 
of the screw, or Uie angle at which the blades are set, differs necessa- 
rily with the form of the vessel and the power of the engine, or, in other 
words, with the speed expected to be attained : a common enough angle is 
from 66 to 68 degrees with the axis. 

In settling the dimensions and pitch of screw proper for any particular 
vessel, the first indication is to make the diameter of the screw as large as 
it can be got ; and then the probable speed of the vessel, judging from the 
power and form, is to be estimated, which, after fixing the number of re'vo- 
lutions and making an allowance of say one tenth or one twelfth for slip, will 
give the pitch of the screw. Most of the screws now used are made wiUi two 
threads, or have two blades. Screws with three blades act more equably, 
as the whole of the blades are never in the line of the stern-post at once, at 
which point the forward thrust is greatest ; but double-threaded screws 
seem upon the whole to be the most effective, and they may, if necessary, 
project beneath the keel, as they can be turned into the horizontal direction 
when the vessel is in harbour, to prevent them from touching the ground. 
To ascertain the amount of helical surface of a screw making one convo- 
lution : multiply the sum of the radii of the screw and of the central boss 
by their difference, and the product will be the difference of their squares : 
multiply this number by 3*1416, and the product by the secant of the angle 
of the screw, and the result will be the area of the helical surface sought 

Bourne** Patent Double-power Engine, — The screw propeller has created 
a new exigency in steam mechanism. The propeller generally requires to 
make a greater number of revolutions than the engines can conveniently 
perform ; and cog-wheels have in many cases been introduced to brin^ up 
the speed, thus introducing into steam vessels the jar, tremor, and liability 
to fracture incidental to the use of such devices. To remove this source 
of objection it is necessary that the engines should be coupled direct to the 
propeller shaft ; but as the valves of the air-pumps would strike so hard as 
to knock themselves to pieces if the engines were worked at any very high 
speed, and as the various contrivances of canvas and Indian rubber valves 
are of donbtiVil efficacy in such an emergency, Mr. Bourne has contrived 
a species of engine in which the whole of the air-pump valves are replaced 
by a particular arrangement of slide valve, whereby the engine may be 
worked at any degree of speed without inconvenience. One effect of this 
innovation is to make engines work more noiselessly than before, as there 
is no longer any shock, such as that which attaches to .the action of the foot 
and delivery valves and the valves of the air-pump bucket in common 
engines. But the most important feature of the arrangement is, that by 
enabling the engines to work at twice the ordinary speed, it enables them 
to exert twice the ordinary power. It is not for screw vessels alone, 
therefore, that such engines are appropriate, but they may be applied with 
advantage to most of the purposes for which steam power is required. In 
the case of mill engines they possess the recommendation of imparting a 
more equable motion to the machinery, and in other cases they may be so 
arranged as to save fuel by permitting a larger expansion th^n could be 
allowed with a lower speeid. Engines on the double-power plan can be 
sold for a less sum per horse power than engines upon the common plan 
with the same quality of workmanship and materials ; and as the double- 
power engines are more compact, and for most purposes more convenient 
than the ordinary engine, it appears probable that they will come into 
general use. In the case of mine engines, Mr. Bourne proposes under 
certain circumstances to apply a centrifugal pump to the condenser for the 
discharge of the water. It is obvious that the air-pump valves could be 
dispensed with by such an arrangement; but it is equally clear that in 
ordinary cases the application would not be successful, as the centrifugal 
pump, though it discharged the water, would not discharge the air ; and 
even if a pump were applied to extract the air, the objection would still 
remain, that at low rates of speed the centrifugal pump would be inoperative. 
Another inconvenience of the centrifugal pump is, that it requires to be 
driven at a very high speed; but in the case of mines drained by the 
centrifugal pump, the ix\jection water can easily be got rid of by leading it 
down to a depth of 32 feet, when it will run off by gravity, and be returned 
by the centrifugal pump to the surface; and in such a case the only 
function of the air-pump will be to draw off the air and vapour. Mr. 
Currie, of 1 1. Savage Gardens, London, who manufactures the double-power 
engines, thus speaks of their recommendations : — 

** Mr. Bourne's double-power engines, which I manufitcture, both on the 
high and low pressure principle, and for all the uses of mines, mills, and 



steam navigation, I consider certain to introduce a new epoch into the 
history of the steam engine, as it is impossible but that the ordinary engine 
should be superseded by a new engine the advantages of which are so con- 
spicuous. A double-power engine is only half the weight of a common 
engine, occupies only half the space, and costs but little more than half the 
money. It works more smoothly than a common engine, and for the 
purposes of cotton-spinning has the great advantage of giving a more 
steady and uniform motion to the machinery. When applied to aciew 
vessels, it dispenses with gearing, and saves weight and space in the ship. 
The smaller powers of engine, for which there is an increasing demand, are 
so light and compact, as compared with common engines, that thej excite 
universal wonder and some incredulity as to the realization of the power ; bat 
I warrant every engine I send out to be capable of exerting' twice its nominal 
power as determined by Watt's standard. In the smaller powers the engine 
is set upon the top of the boiler, which is a tall cylinder abont the size of a 
tolerably large stove : the chimney is of sheet iron, into which the waste 
steam passes, and the engine may be set to work a quarter of an hour after 
it leaves my warehouse, as all the fixing it needs after being set in its plaee 
is the screwing up of a few bolts to hold it down. For farm pnrposet the 
engine and boiler may be set upon wheels, and thns be transported leadily 
from place to place.** This statement is probably to be received with some 
qualification, as Mr. Currie cannot be regarded as a wholly dinnterested 
witness. Nevertheless the facts appear indisputable that engines upon the 
double-power plan are lighter, more compact, and less costlv than oommoii 
engines ; and these are points of superiority which cannot ftd to tell or to be 
discerned. 

Mr. Currie furnishes the following further particulars relative to this 
engine: — ** The boiler of the double-power engine is for the moat part 
constructed with upright tubes, and I generally set the engine upoo the 
boiler in all powers nnder 40 horses. The following are the chief dimen- 
sions of a one-horse power engine and boiler: — Diameter of boiler, 16 
inches ; height of boiler, 40 inches ; diameter of furnace at crown plate, 18 
inches ; diameter of furnace at bars, 13 inches ; height of crown plate above 
bars, 12 inches : depth of fire bars, 2 inches ; depth of adi-pit, 4 inches; 
depth of smoke-box, 4 inches ; diameter of chimney, 3 inches. There are 
36 tubes in the boiler, 1 inch in diameter, and 16 inches long ; but 12 indiet 
in the length of tube only passes thronj^h the water, and is alone eoQnled 
as effective: the thickness of the shell of the boiler is ^ree-sixteenths ; and 
the pressure the boiler is calculated to bear is 80 lbs., though 70 Ibe. is the 
working pressure. The diameter of the cylinder is 2 inches ; length of 
stroke, 3 inches; number of revolutions per minute, 872; number of fleet 
travelled by the piston per minute, 436 ; and though these dimensions are 
small, that they will give fully a horse power is made manifest by a simple 
calculation. The area of a cylinder 2 inches in diameter is 3*1416 ; and if 
the effective pressure be taken at 60 lbs. per square inch, instead of 70 lbs. 
(as a compensation for friction and loss of effect from radiation and expan- 
sion), we have a force of 188) lbs. urging the piston at a speed of 436 fleet 
per minute, which is equivalent to 82,184 lbs. raised one foot high in the 
minute ; and dividing by 33,000, this gives us about 2^ horses' power. It 
is clear, therefore, that this engine, notwithstanding tiie smallness of its 
dimensions, will give a power more than twice as great as the horse power 
of Watt, provided, of course, it is abundantiy supplied with steam, and the 
supply of steam depends upon the amount of heating sur&ce in the boiler, 
which requires to be as great in this as in any other boiler exerting the 
same power. On calculating the amount of tube surfiice, it will befound 
to amount to 12 square feet, and the furnace surface will amount to aboot 
34 square feet more, making a total of 15) square feet of heating snrfiMe 
per horse power, which is a large allowance. The weight of the boiler is 
about 2} cwts., and the total weight of engine and boiler, with water in the 
boiler, is about 4^ cwts. 

** Of the 40-horse power engine and boiler on the double-power plan, the 
following are the principal dimensions : — Diameter of boiler, 4 feet 8 indies; 
height of boiler, 8 feet ; diameter of furnace at crown plate, 4 feet ; diameter 
of frimace at bars, 4 feet 1 inch ; height of crown pUte above bars, 20 inches; 
depth of fire bars, 4 inches ; depth of ash-pit, 8 inches ; depth of smoke- 
box, 12 inches ; diameter of chimney, 12 inches. There are 547 tubes 
1 inch diameter, and 52 inches long, of which a length of 34 inches only 
passes through the water, and is alone reckoned as effective. The thick- 
ness of the shell of the boiler is half an inch, and the plates are all double 
rivetted ; the pressure which the boiler is calculated to withstand is 80 lbs. 
The diameter of the cylinder is 12 inches; length of stroke, 18 inches; 
number of revolutions per minute, 195 ; number of feet travelled by the 
piston per minute, 586. The area of a cylinder 12 inches in diameter is 
1 13*097 square inches ; and if we take the effective pressure as befbre, at 
60 lbs., we have a force of 6785*8 urging the piston at a speed of 586 fbet 
per minute, which is equivalent to 3,976,490 lbs. raised one foot high per 
minute, which, being divided by 33,000, gives 120 horses' power, whie|i is 
just three times the nominal power. The weight of the boilers is about 
61| cwt ; and the total weight of engine and boUer, with water in the boiler, 
is 90 cwt, or 2 J cwt, per horse power. 

** The engine is of the oscillating kind, and the shaft, crank, and Araming 
for supporting the crank, are all of polished malleable iron ; the fly-whed 
is very small, and is made with a polished rim, which also answers for the 
drum upon which the belt runs that carries away the power. The governor 
is made in the usual manner, but is, of course, so proportioned as to be 
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kdqiled to the higher speed U which the iopae (rsreU. The waste iCeur. 
p>ae« into the chunne}, U in locomotiTe engjaes, whcrebj the draught is it, 
quickened that a nnall area of gnte har aumce* ; but the end of the edoc- 
LoQ pipe eDlering the chimnej is ne»er contracted, u in locomotives, m 
an; contnctioQ of the eduction pipe prodaees a loss of power. In the 
larger class of engines a platform is attached to the boiler, to make the engine 
accessihle to the engine-man, thns ohviatiDg the necessity of any peculiar 
Krnctnre in the engine-hanse ; and for ciportalion to tropical climates, the- 
engine-hoDce ii its^made of sheet iron, and needs only a few «crew bolu 
to connect the seyeral parts together, to adapt it for the reception of the 
engine and boiler. The larger claw of boilers are provided with Lamb't 
Scale Preventer, for which [ am the sole agent, and which is a contrivance 
for blowing off from the surface of the water, whereby the impalpable par- 
ticle* of which scale is composed, and which are ballooned to the snrhce hj 
bubbles of steam, are caught and (jected from Che boiler, before they have 
bod time to subside upon the flues. This scale preventer has already been 
applied by Boolton and Watt; John Feno and Son; Bury, Curtis, and 
Kennedy; MaudsUy and Field; Miller and Ravenhill; Curd and Co.; Tod 
and Hacgregor ; and most of the other engineerK, to various bailers con- 
structed by them, and its efficacy has been amply tested by expeHence in 
varioni land boilers, and in the following steamers, Pottingtr, Ripon, Pekin, 
Erin, Ariel, Haddington, Tagua, Pssba, Bragonza, Montrose, VESsels of the 
Austrian Lloyd's, and a multitude of others. The boilers of the double- 
power en^ne, with this addition, are not liable to the formation of scale. 

Saaaidi^t BtU Crank. — An engine with inverted cylinders is figured in 
Plate XV., under the title of Samada's Bell Crank Marine Engine, where Ait 
the framing, C Che cylinder, D the condenser, E the air pnmp, A the air 
pump crou head, P the piston rod, J the connecting rod, K the paddle 
shaft, S the slide valve, and T the bell Cisnk lever. By this arrangement, 
it will be observed, one crank suffices for the two engines. The plan of 
the engine closely resembles (hat adopted in the Gypsey Queen, but in that 
case the cylinders were no! inverted. We think we can discern Mr. Ctegg's 
hand in this combinaUon, and it is one not unworthy of his ingenuity : 
Devertheless the arrangement require* considerable length in the engine 
space, andalthough it accomplishes a aaving of width, yet width is not the 
dimension in which the site of marine engines most require to be contracted. 
The space left on each aide would be only of little value, unless the boilen 
were placed there ; and if that were done, their contiguity to the vessel 
would be dangerous, or at least injnrions, in the csie of wooden vessels, and 
would defeat one of the great otyecis of modern bollera — that of making 
every part of the shell accessible. 

QaOnBag't Dirtct Action Engmt. — This engine, represented in Plate XVI., 
consists of two steam cylinders, the piston and rods of which afe attached by 
snitable links (o a nuun cross head or beam, connecting both engines; 
forming a part of this cross bead are two triangular IVunes of wrought 
iron, which, serving the double purpose of side rods and connecting rods, 
descend one on each side of the cylinders, and they are connected im- 
mediately with the cranks on the main shaft, lying between the cylinders in a 
line with the keel of the vessel. The air-pnmp* are worked b^ the some 
arrangement of levers which forms the parallel motion for the puton roda ; 
the hot water and bilge pumps are wrought by the air pump cross heads in 
the usual way. The main shaft gives motion to the screw abaft through 
the medium of a new multiplying gear, a front view of which is shown in 
the drawing. The engines are of 300 hone-power, and every part of them 
ia below the water line of the vesseL 

There is eitraotdinary ingenuity in the whole of these arrangements ; 
neverthelcM this engine has not come into use, and we fear i* not likely to 
meet with extended adoption. The mode of operation of the multiplying 
gear it not easily comprehended, but the principle of the arrangement may 
be explained to consist in such an arrangement of two cranks, of which the 
one is twice the length of the other, that the movement of the crank pin 
or the longer crank through a semicircle will cause the crank [Hn of the 
smaller crank to move through a whole circle. The principle, however, 
will be mode more clear by an extract from Mr. Galloway's specification, 
which we therefore introduce. 

"If the wheel* shown in ^^. 179. revolved upon aiea in Fig. 179. 
the umoi way, a would make an entire revolution, whilst 
h made only some portion of a revolution ; but If 6, in- 
stead of revolving upon an axis, be suspended npon 
three cranks, e, c, c, of equal length, and the radii of which 
are respectively equal to one-half the difference between 
the divnelers of the wheels (calculating such diameters \'^ \ (-'^i ! f 
from the pilch-linea) ; and if the whole apparalui be at V'^. '"'^ ^/J 
firat in the po«iuon indicated by the drawing, thereby '^ 

causing a to revolve, it will be fnond that the crank*. 

Fig. ISO. Fig. 181. Fig. 
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c,e, e, and con*equently their axes, will make three revolution* during the 
time that the inner wheel, a, makes one revolution. So if the proportionate 
diameten differ, say as 3 to 3. or 4 to S, or any other integral proportioDI, 
and the length* of the cranks c, c, c. he determined according to the rule I 
have given, then the cranka will always make as many more revolution* 
than the axis of a, as the diameter of the d living- wheel, n, is to the differ- 
ence between the diameter of the two wheels. 

" But I propose, in most cases, as I have Rated, instead of oslng toothed 
wheels, to adopt the arrangement shown in Jigt. ISO, IBl, and 183,, which 1 
Bhotl now explain- — Let it be supposed thai three eqni-distant poSat»{d,d.d, 
Jig. 179.) could trace their path upon a plate or disc, attached to ft, and 
moving therewith, such path would be four epicycloids dotted thereon ; and 
if to the points d. d, d, three rollers, of eqnal diameter, were affixed, then a 
figure, e, e, e, e, fig. 180., would be the tangent of the said rollers in every 
part of iheir path; or, in other word*, the rollere would trace Ool the figure 
e, «, e, «,J%f. 180; such being the case, it will be manifest that if, instead of 
toothed wheels, we adopt the arrangement shown iofig. 180, where d,d,i, 
are the three rollers, affixed to arms, and revolving in bearings, and the 
figure 1. 1, t, I, whose interior curved aperture is generated upon the prin- 
ciple I have explained —'then, on motion being given to the main axis, the 
cranks, dotted at c, c, c, will make three revolnlioni for one of the main 
axis ; and if the figure t. e, e, e. be accurately constructed, and the cmnki 
truly proportioned, the action of the machine will be comparatively smooth 
and noiseless. In like manner, if the circle* or wheel*, a and A, be in their 
diameters ss 3 to3, the figure /,/,/, fig. 181., would be generated, and by 
aClaching the two rollers to the axis, aa there shown, de velocity of the 
main axis would be to the crank axis aa ! to 1 ; or, if the diameter of a and 
A be as 4 to 5, the figure g, g, s,/ig. 169., would be generated, and by con- 
structing the apparatus, as shown at Jig. 182., the relative velocities of the 
main axis and crank axis will be as 4 to 1. I would further observe, that 
in whatever proportion the mnltiplication be effected, it is necei*ary that 
the number of the rollers and of epicycloids should be reapectively eqnal 
to the number of times the generating circle* can be divided by the 
difference between the two diameters. It will also be manifest, that the mul- 
tiplication effected by this method does not admit of ^'actional quantities, 
bnt must always be in integral proportions. I must further explain, that 
if one propeller only is intended to be used, one only of the three crank 
axes must be prolonged for chat purpose ; but if two propellers are intended 
to be applied, then two of the crank axes ahonld be similarly prolonged. 
It ia further necesaary to explain, that the arrangement of thia contrivance 
may be changed by attaching the driving axis to the epicycloidal flgare, 
and the cranks lo the port to which the rollers are attached ; in which case 
the proportion of the multiplicatiitu will also be changed, sothat the cranks 
of Jig. leo. would make three revolntions instead of two ; those of^. 181. 
would make four revolutions instead of three ; and those oF^. 182. would 
make five revolutions instead of four." This method of multiplying the 
speed of the screw shaft, though most ingenious, is likely to be rendered 
needles* by the acceleration of the speed of the engine itself which i* now 
taking place. 

Direct Action Engina reprttmted in Ftate VII. ^^ Direct action engines 
have of late years come into extended use in steam vessels, and their em- 
ployment appear* likely to become universal. They are le** bulky and less 
weighty than side lever engines, and although most engineers resisted their 
introduction, these engines have now, even in the engineering world, risen to 
considerable &vour. Moat of the early devices were crude and tuuatisfac- 
tory^, but the excellent performance of the oscillating and double croas bead 
engine* have redeemed the class from the disgrace thai might otherwise 
have been expected to overtake iL The existing crop of direct action 
engines is divisible into five varieties ; the Gorgon, Siamese, Steeple, 
Doubte-cross-heod. and Oscillating. We distinguish as Gorgon engines all 
those which have the connecting-rod between the piston-rod and the crank, 
whatever may be their subordinate feature*, and aa Steeple engine* all 
which have the connecting-rod situated above the crank. 'The Siamese, or 
Double-cylinder engine, is that employed by Messrs. Mandsloy and Field 
and Messrs. Forrester, of Liverpool. The Donble-cross-head engine is 
that adopted by Messrs. Bury and Co.. Measrx. Fawcett and Co., and some 
others. The Oscillating engine is that brought into fhvonr by Messrs. 
Penn, and which now nnmben a multitude of admireio. Upon each of 
these varieties we shall have a few remarks lo offer. 

The objections lo the Gorgon plan of engine are numerous and weighty. 
In the first place, only a very short stroke is attainable by this plan of 
engirie ; and although we are not of the number of those who subscribe 
to the doctrine, that expansion can only be productive of its proper efficacy 
in a long cylinder, yet we believe that an engine of a moderate stroke wiU 
work more steadily and Emoothly than when the stroke ia short, while the 
cylinder is of large dimensions. There is, moreover, a greater waste of 
steam at the ends of the cylinder when the stroke is short ; and although 
the amount of this loss cannot be great, yet it is too great to be altogether 
disregarded. We do cot attach tiie importance attributed by some to the 
deranging infiuence of a short connecung-rod upon Che slide valve, but we 
attach a good deal of importance to the increased friction consequent upon 
the thrust, when the angle the connecting-rod makes is great, — not on 
of the power ateorbed. hut on account of the difficulty of kee|nng 
~ it i* no answer to say, that 

or less than that of a beam 
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engine ; the vice being, that the friction is not fiurlj distributed, but so con- 
centrated at particular points as to be productive of injury in engines of 
the common proportions. 

There is, however, a &r more serious defect of the Gorgon variety of 
engine than any we have yet mentioned. It involves the use of a large 
paddle-wheel by the elevation of the shaft rendered necessary to afford 
room for the stroke ; and the largeness of the wheel gives too great a velocity 
to the float boards, by which means a considerable proportion of the engine 
power is dissipated. There is nothing better known, than that in all cases 
where there is a great disparity between the speed of the wheel and the 
speed of the ship, a large amount of the power is wasted in throwing the 
water back from the wheel, instead of being employed in forcing the vessel 
forward ; and in the Gorgon plan of engine, as applied to ordinary sea- 
going steamers, a serious loss from this source must be perpetually going 
on, or else the engine must be working under its proper speed and power. 
These objections apply to all short connecting-rod engines, of which the 
stroke is small and the shaft high ; and in our eyes they carry sufficient 
weight to justify the condemnation of this species of engine in toto. As, 
however, there may be some persons, perhaps, who will not concur in this 
opinion, we shall here set down some remarks respecting the several va- 
rieties of Gorgon engine represented in the plate, with the view of further 
illustrating our convictions. 

First in order, then, comes the plan of Messrs. Boulton and Watt, the 
engine represented being that of the " Centaur." In this plan of engine 
the condensers are situated between the cylinders, and at the extremity of 
each condenser an air-pump is situated. These air-pumps are wrought by 
a beam, the centre of which rests on the condenser top, and derives its 
motion from a crank on the intermediate shaft — a rod extending to com- 
municate the movement fh>m this crank to a pin near one of the ends of 
the beam, which is made something in the bell-crank fiishion. The top 
of the piston-rod is maintained in the vertical position by guides. 

There is much ingenuity in this plan of working the air-pumps, and the 
use of a beam enables the air-pumps to obtain an adequate length of stroke, 
without making the crank in the intermediate shaft of an inconvenient 
length ; but the plan is attended with the very obvious objection, that if the 
beam breaks both engines are disabled ; the beam, however, is of malleable 
iron. Messrs. Boulton and Watt have latterly resumed the use of the oscil- 
lating engine, of which engine Mr. Watt was, it appears, the inventor. 

The next Gorgon engine in our list is that of Messrs. Miller and Raven- 
hill, the engine represented being, we believe, that of the " Eclair." This 
plan of engine takes up less room in the vessel than that last described ; 
and, indeed, no en^ne can occupy less room than this, for its length is little 
more than the xbameter of the cylinder. The condensers extend from 
cylinder to cylinder, having air-pumps within them, so that the whole of 
the cast iron part of the engine is bound together in a solid mass. The 
air-pump buckets are wrought by means of cranks on the intermediate 
shaft. This engine, while it is very compact, enjoys the advantage of two 
air-pumps, the fracture of either of which does not impair the efficacy of 
the other. In some of their very recent engines, Messrs. Miller and Co. 
have discarded the double crank in the shaft, and have wrought both air- 
pumps by one crank, the air-pumps being placed on the same vertical plane, 
and lying at an angle to permit this adaptation. This plan, which is the de- 
sign of Messrs. Miller, is now adopted by Messrs. Penn, and others, and it 
is attended with several advantages. The water is brought very gradually 
up to the discharge-valves, on account of the angle at which the pump- 
barrels lie, and a softer action of the valves is thus obtained than if the pumps 
stood perpendicularly. Messrs. Miller have lately discontinued the Gorgon 
plan of engine, in fiivour of the oscillating kind, but have retained the in- 
clined air-pumps, and have introduced other improvements ; of these, the 
chief is the introduction of duplicate cylindrical slide-valves, standing on each 
side of the trunnion. These valves balance one another, and supersede 
the necessity of a balance to counteract the weight of the valves and 
valve-casing ; nevertheless their action in practice has not been quite sa- 
tisfactory. The valves, it is found, are very difficult to move, perhaps from 
a defect of workmanship, or some irregularity of expansion ; but whatever 
be the cause, the fact is so. The valves also, from their small diameter, 
are not very accessible ; and upon the whole their operation does not ap- 
pear to be so satisfactory as the valve employed by Messrs. Penn, which 
leaves scarce anything to be desired. 

We next come to the plan of Messrs. Fairbaim and Co., as applied on 
board the ** Odin,'' of the engines of which vessel the view given in the 
plate is a representation. The general arrangement is judicious, and the 
framing, which, in all its main parts, is of malleable iron, is substantial 
and well adjusted. We think more fiivourably of the plan of a parallel 
motion for guiding the top of the piston-rod than the plan of the slides, for 
we believe the parallel motion may be more easily kept from heating. One 
great perfection in Messrs. Fairbairn's plan is, that the bearings of the par- 
allel motion are made unusually large ; and we feel assured that this engine 
will give less trouble to the engineer, and consume less oil and brasses, than 
are usually chargeable upon the Gorgon appetite. 

The most of what we have said respecting Messrs. Fairbairn's engine will 
also apply to that of Messrs. Rennie, of which we entertain a very favourable 
opinion. The engines depicted as Messrs. Rennie's are those recently 
made for the " Samson." In this engine, Stephenson's link motion has 
been introduced to enable the engines to be quickly started or reversed, 






and its use is attended with complete success. Full speed ahead can in- 
stantly be changed to full speed astern ; but if there be much lap upon 
the valves there is a certain position in which neither engine can get steam. 
To Messrs. Seaward, we believe, belongs the merit of introducing the 
Gorgon genus of engine ; and we trust this distinction may stand them in 
some stead, as the particulars of their arrangement, we fear, very much 
require some diversion in their favour. The length of this engine, it will 
be remarked, is very little less than that of the common side lever kind ; 
so that we are thrown upon all the evils of a short connecting-rod and 
leviathan paddle-wheel, for the sake of a gain that is scarce worth having. 
In some of Messra. Seaward's engines the evils of too high a shaft have, we 
understand, been very severely felt ; and we learn that in the *' Pnnne- 
theus," which is fitted with these engines, the shaft has been considerably 
lowered, though at the expense of making the connecting-rod still shorter, 
that was inconveniently short before. The defect, however, of too high a 
shaft is, it must be remembered, not a peculiarity of Messrs. Seaward's va- 
riety of engine, but is a vice which attaches to the whole Gorgon tribe ; 
and Messrs. Seaward's claim is therefore restricted to the merit of having 
carried the defect further than any one else has aspired to do. 

We fear that much of what we have said respecting Messrs. Seaward's 
engine is applicable, also, to that of Mr. Robert Napier, which is not dis- 
tinguished by any excellence answerable to his high reputation. Mr. 
Napier, we understand, approves more highly of the beam than of the 
direct action engine, and his preference is probably a just one, if the 
alternative be supposed to lie between the side lever and Gorgon varieties; 
but we are of opinion that both the Gorgon and side lever plans must be 
given up, and those manufacturers who adhere to them pertinacionaly will 
gradually be deserted. 

The last Gorgon engine we have to notice is, that of Messrs. Scott, Sin- 
clair, & Co., the subor&iate details of which manifest much judgment and 
ingenuity. The condensers and air-pumps are situated between the cylinders 
as in Messre. Miller and Co.'s arrangement, but each air-pump is wrought 
by means of cross leven off the cylinder cross head of the other engine, 
whereby the necessity of cranks in the intermediate shaft is avoided, and 
each air-pump acquires the motion of the slide valve of its own engine, 
which is an advantage. To obviate any inconvenience from this arrange- 
ment in the event of fracture or other disarrangement, a passage is esta- 
blished between the condensers which may at any time be opened ; so that 
an injury to one of the engines does not disable the other, as it would do 
without this provision. 

The Steeple plan of engine, which is the invention of Mr. David Napier, 
has the merit of being very compact and effectual, and in the case of river 
vessels, offera advantages which have led to its extended adoption. The pro- 
trusion of a large portion of the machinery above the deck is, however, 
much objected to in the case of sea-going vessels, and Me8sr8.Tod and Mac- 
gregor now give the preference to the double cross head engines in such 
cases. It is a fault, we conceive, to make the air-pump with the same stroke 
as the cylinder. Where the air-pump bucket moves with a great velocity, 
the valves strike so forcibly as to wear themselves out very soon. The in- 
jury might, however, be mitigated by the use of the Cornish equilibrium 
valve, both for the delivery valve and the air-pump bucket, though of 
course in such case the equilibrium principle can only be applied so far as 
to diminish the force with which the valve shuts, not to obviate it alto- 
gether. The equilibrium principle, if carried far, greatly increases the 
load upon the pump; and this is the objection to the Cornisn practice. 

Of Messrs. Maudslay's Siamese engine we have already given a specimen 
in the plate of the steam frigate Retribution. Of this plan of engine we 
cannot approve, and we think Messra. Maudslay would act wisely by giv- 
ing it up in favour of some less precarious arrangement The Siamese 
plan involves an increased leakage, increased friction, and increased radia- 
tion, while the grand purpose of direct action — saving of room — is only 
imperfectly fulfilled. Should either of the pistons leak steam, moreover, 
or either of the stuffing boxes leak air, a twist must be given to the parts 
of the engine, such as would arise if there were more pressure upon one 
half of the piston than on the other. Such a strain cannot, in our judgment, 
fail to be sooner or later injurious. The arrangement also involves the use 
of a low condenser, which the air-pump cannot thoroughly drain, and the 
pitching of the vessel, by causing the water to run from one end of the con- 
denser to the other, sometimes causes the air-pump to make an ineffectual 
stroke, while at other times the air-pump is choked with water, which it 
can only with difficulty deliver, and fractures occur in consequence. 

A part of the objections which we have here enumerated applies to the 
engines of Messre. Forrester and Co., as made for the Helen Mac Gregor. 
We here transcribe an account of these engines from a modest and well 
written pamphlet, with which we have been furnished, 

" The engine, of which the following is a description, is one of a pair 
lately constructed by Messre. George Forrester and Co. for the Helen Mac 
Gregor, Hull and Hamburg steamer. The collective power of the engines 
is 220 horses', the tonnage of the boat being 573. The engines are of the 
form usually denominated * direct action ; ' and without msidng any com- 
parison between this and the various other forms of direct action engines 
hitherto made (some of them possessing much that is admirable in the 
ingenuity of their arrangement and the compactness of their different parts), 
I will endeavour plainly to describe the construction and principle of the 
above named engine, and to state wherein I conceive its advantages will be 
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fband, in practice, as suitable for sea-going steamers. The following short 
accoant will serve to explain the different working parts of the engine. 

'* The engine consists of two inyerted cylinders, standing upon foar strong 
wroaght-iron columns, which rest on, and are secured to, the foundation- 
plate, and which, passing through suitable bosses, on the sides of the 
cylinders, support tiie entablature- plate and crank-pedestals above. The 
cylinders are placed ' athwart ships,' with their stu£lbg-boxes below them, 
and at sufficient height from the bottom of the vessel to allow of the main 
cross-bar, which connects together the two piston-rods, working the full 
length of its stroke below them : Uie stuffing-boxes are of double form, or, 
in other words, they have a space for packing both at top and bottom, 
being furnished with self-acting oil-cups for lubricating the rods. The 
power is transmitted directly, fi^m the main cross-bar below to the cranks 
above the cylinders, by the connecting-rod. The two piston-rods and the 
connecting cross-bar are farther secured, and made to work uniformly 
together, by means of a strong vibrating fhmie of cast-iron, forming part of 
the parallel motion, and which, with the side-levers, serves also to work the 
air-pump as well as the feed, bilge, aud brine pumps. 

** Each cylinder is furnished with a separate slide-valve, which two are 
connected together by a cross-bar common to both, being worked by the 
same eccentric motion. The object of thus dividing the valve is to shorten 
the lengths of the ' steam-ports,' the valves being brought much closer up 
to the face of their respective cylinden than would be the case if one only 
were used for both. The condenser is placed immediately underneath the 
slide-valve case, and the air-pump, foot, and discharge-valves, are similar in 
construction to those of the ordinary side-lever engines. The air-pump 
and condenser are connected together by a passage underneath the founda- 
tion-plate. The waste water is discharged from the hot well by an over- 
flow-pipe through the side of the vesseL 

** The application of two cylinders to one engine, having their piston-rods 
connected together, was first introduced by Messrs. Maudslay and Field, of 
London, for marine purposes, and is described in a patent taken out by 
them. The advantage of the use of two cylinders, instead of one of double 
the capacity, has been much questioned ; and, independently considered, 
such an arrangement would only seem at first sight to involve a useless 
complexity of parts, but, when it is remembered that in using two cylinden 
there may be considerable advantage derived from the simplification of the 
remaining part of the engine, their introduction may be regarded as a very 
valuable addition to the various improvements which the steam-engine has 
fhmi time to time undergone. 

*' Although it is hardly to be supposed that in engines of the lar^^est class 
there will ever be required a cylinder of larger dimensions than is practi- 
cable to be constructed all in one, yet it has been found in practice that 
there is considerable difficulty in making cylinden of very large diameter 
as perfectly true as those of more moderate dimensions ; and in regard to 
pistons, two of forty-ei^t or fifty inches diameter are stronger (upon the 
same weight), and less liable to accident than one of double ti^e area. The 
use of two cylinden to one engine enables the manufacturer to undertake 
the construction of engines of double the power, without incurring an in- 
creased outlay for new tools, and greatly increases the facility for repain 
at the government stations abroad, as there will rarely be an instance of a 
cylinder, or other casting of the double cylinder engine, too large to be 
constructed in a moderate-sixed establishment. 

** The cylinden have loose coven at each end, and from the upper ends 
the pistons are accessible without the intervention of the piston-rods, so that 
there is double space for examining and adjusting them without disturbing 
the lower covers, or disconnecting any of the working parts of the engine. 

'* The elevated position of the cylinden entirely obviates the danger 
sometimes arising from water running over into the cylinden from Uie 
boilers, as they are here at a higher level than the water line, and an acci- 
dent from this cause cannot occur. The cylinden are also so much higher 
than the condensers, that they are kept perfectly free from water in this 
respect — an advantage well known to engineen who have the charge of 
marine engines. 

** All the moving parts, as the piston-rods, cross-heads, &c are below the 
water-line, and, being the most vulnerable parts of the engine, are thus 
entirely out of the reach of shot, as in the steam-frigate, whilst from the 
cylinders, which are decidedly the strongest parts of the engine, nothing is 
to be apprehended from this cause, as the construction of the engine is such 
that, if even the outer cylinder were disabled, the other one could be kept at 
work. There ia no projection above deck except the ordinary crank- 
hatches; and the crank and paddle-shafts are precisely similar to those of 
the ordinary side-lever engine. 

** The reduction of weight and space as compared with the ordinary engine 
is very great, and much additional room in the vessel is made available for 
cargo. The additional length of engine-room that would have been neces- 
sary if the ordinary beam-engines and common boilen had been used in the 
Helen Mac Gregor, in lieu of the improved engines and tubular boilen with 
which she is fitted, is 25 feet Annexed are a few of the principal 
dimensions of the Helen Mac Gregorys engines. Sec. : — Cylinders, 42 inches 
diameter ; length of stroke, 4 feet 6 inches : air-pump, 33^ inches diameter; 
length of stroke, 2 feet 44 inches; capacity of condenser, including passage 
to air-pump, 44 cubic feet ; capacity of hot well, 36 cubic feet ; wheel, 23 
feet 6 inches diameter to the outside of floats: number of revolutions, 23^: 
average pretsare of steam in cylinder, 8] lbs.*' 



We cannot say we can concur in all we have here extracted; the pre- 
servation of an engine from shot can scarcely, we conceive, be promoted 
by raising the cylinder above the water line ; and whatever weight may be 
attached to the argument in favour of doable cylinders, on account of their 
more manageable dimensions, is likely to be rendered unavailing by the 
application of direct action engines to the screw, which, on account of the 
increased speed of piston, will at once diminish the existing dimensions. 
There is no doubt a redaction of weight and space accomplished by the 
double cylinder engine; but the question is, whether an equal reduction is 
not accomplishable by engines which are not open to as weighty objections ? 
In our humble judgment, the oscillating and double cross-head engines are 
both greatly preferable; and so we undertake to say it will be rul^ by the 
supreme tribunal of public opinion. 

The nature of the arrangement in the double cross-head engine will be 
made manifest by a reference to the engines of Messn. Buiy or Messrs. 
Fawcett From the top of the piston-rod a cross-head and side-rods pro- 
ceed, as in side-lever engines ; and from the lower ends of these side-rods 
other side-rods ascend to a cross-head, situated above the other cross-head, 
and which, by means of a short arm, communicates with the crank. By 
this expedient, the benefit of a long connecting-rod is gained without the 
disadvantages incidental to the plans already mentioned. There is only one 
air-pump in Messrs. Bury's engine, but it is double-acting, so that, in effect, 
it is equal to two. A common objection to this description of pump is, 
that the air accumulates underneath the piston ; but a provision is made 
to counteract this tendency, — the bulk of the air-pump piston being made 
to travel past the port, so as to expel air as well as water. We may here 
remark, that it appean expedient in this engine to avoid iiyecting from 
the bilge into the lower condenser, as coal-dust and other foreign matten 
might otherwise be drawn into the air-pump chamber, which would resist 
the descent of the piston, and probably occasion fracture. 

In Messrs. Fawcett's engine there are two air-pumps, which are wrouffht 
by independent bell-cranks off a crank in the intermediate shaft The m- 
ferior cross-head is made in the form of a cross, from the ends of which 
four rods proceed to cross ban working vertically in guides on each side 
of the cylinder. The effect of this arrangement is to bring the centres of the 
rods on each side of the cylinder uito the same plane, whereby the twist 
incidental to an overhanging pin is avoided. Messrs. Fawcett have, we 
understand, since this design was made, more nearly approximated to 
Messrs. Bury's arrangement ; and we believe their engines are likely to 
become a tvpe which many will follow and many more approve. 

The engmes of the ^ Black Eagle " steam frigate, represented both in the 
plate of direct-action engines and in separate plates on a larger scale, have 
attracted much attention, as being the fint specimen of oscillating engines 
applied to a large sea-going steamer. They do great credit to Messrs. 
Penn, boUi as regards the beauty of their workmanship and the efficacy of 
their performance, and after an adequate trial, their operation has been 
found so satisfiEu^ry as to have induced the Admiralty to order more en- 
gines of the same kind. The oscillating engine is now coming into 
universal favour for marine engines when fitted with paddle-wheels. 

The structure and mode of action of the oscillating engine are so well 
undentood, that a slight explanation will suffice to render the plates 
universally intelligible. The steam enten a belt on the cylinder, through 
the curved pipes adjacent to the ship's sides, as figured in Plate XIX., in 
which the vessel is sectioned transvenely. From this belt it passes through 
the valve, by which means its distribution is regulated, and it escapes from 
the cylinder to the condenser, at the side of the belt opposite to that at 
which it entered. There are two air-pumps lying at an angle with the keel, 
as may be remarked in Plate XVIII. ; and they are both wrought by a 
single crank in the intermediate shaft, the due position of the air-pump rods 
being maintained by means of guides. The slide-valves are provided with 
guides, and are wrought by means of an eccentric, in the usual manner; but 
the eccentric rod is not attached immediately to the valve lever, but to a 
curved transverse link, guided between the columns that support the shaft, 
and susceptible of a vertical motion. The curve of this link is designed to 
obviate the irregularity that would result otherwise from the combined 
movement of the cylinder and eccentric The columns of the framing are 
of malleable iron ; and a malleable iron cross is introduced at each side of 
the engine, to give the framing greater stiffoess. The starting handles are 
so situated as to be accessible firom a stage situated near the level of the 
cylinder coven ; and this stage is continued round the engine, so as to 
afford easy access to all parts of it There is nothing peculiar in the hot 
wells; they are bolted to the mouths of the ur-pumps ; and rise, as usual, 
to a high elevation. The paddle-wheels of the ** Black Eagle " are of the 
featheruig variety, something after the fiuhion of Morgan's, but greatly 
superior thereto in the details of their construction, lliese wheels have 
performed very satis&ctorily, and are calculated, we think, to rescue fea- 
thering paddles fW)m much of the discredit thrown upon them by the unskil- 
ftilness of former manufiEicturers. Though the oscillating engine now 
commands the suffrages of all the most competent authorities, it was for a 
long time regarded with but little favour ; and it required all the authority 
of Messrs. Penn's name and success to gain for it a trial in sea-going 
vessels. One objection to its use was that the cylinder and stuffing-box 
would speedily become oval, on account of the pressure necessary to com- 
municate motion to the cylinder. The existence of a tendency of this 
kind cannot be disputed ; but it is so small in amount as to be imperceptible 
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in practice ; and although, after a Uipse of years, it has been fonnd that 
oscillating cylinders become slightly oral, yet the amount of elllpticity is, 
for the most part, actually less than is found to exist in the cylinders of 
common sidc'lever engines, after the same extent of triaL This, indeed, 
if the question be considered attentively, is by no means surprising ; for 
the common parallel motion, if in the least degree out of adjustment, will 
exercise a most seyere pressure upon the cylinder ; whereas the maximum 
pressure that can be exerted on the- oscillating plan is only that requisite 
to overcome the friction of the pivots on which the cylinder oscillates, and 
of which the amount is insignificant Upon the stuffing-box, indeed, the 
tendency to wear oval may be more operative; but, to counteract this ten- 
dency. It is made of unusual depth, and a very substantial brass bush is 
fitted into its interior portion. The piston rod, moreover, is made of cast 
steel and of extra size. With these precautions, oscillating engines are 
found to work, for a number of years, without inconvenience from the 
causes mentioned. 

Many nautical men, and some engineers, have objected to oscillating 
engines on account of the movement of the cylinder, which, they imagined, 
would become a formidable evil in the case of a vessel rolling heavily at 
sea. These objectors do not seem to have remarked that the rolling of the 
cylinder is neither dependent upon, nor proportionate to, the rolling of the 
ship, but is regulated exclusively by the movement of the piston ; and it 
is difficult to see why a mass of matter, in the form of a cylinder, should be 
more formidable or mtractable in its movements than a similar quantity of 
matter in the form of a side lever, or in any other shape whatever. It has 
also been objected against the oscillating engine, that the eduction passages 
are more tortuous than in common engines, so that the steam gets out of 
the cylinder less freely. We do not believe such to be the fact, if the 
comparison be made with the common run of marine engines ; and in 
practice, no diminution of efficacy from this cause is appreciable. The fiict 
IS, all the objections that have been raised to the oscillating engine are 
merely hypothetical ; they are anticipations of defects to be found out in 
large engines on the oscillating pUm, and would probably be plausible 
enough to carry some weight, were it not the fiftct, that they have been 
completely controverted by experience. The remark, indeed, is heard 
sometimes even yet, that the oscillating method may do very well for small 
engines, but is of doubtful efficacy for large ones. But the definition of 
large engines has been continually changed, to escape the contradiction ex- 
perience afforded, and that size is, in every case, decided to be large, which 
just exceeds the size of the oscillating engine last constructed. The 
grounds of this scepticism however, are now being fiut contracted: and, 
indeed, experience has now demolished every objection that theory had 
raised. Some persons have apprehended that it would be difficult in large 
oscillating engines to obtain sufficient snrhce of trunnion to prevent the 
trunnions from heating ; yet we have never been able to learn that any 
heating of those bearings has been found to occur in practice, and it ap- 
pears probable that any such disposition would be resisted by the cooling 
effect of the steam passing through them, which, though hot, is of greatly infe- 
rior temperature to that of a hot bearing. It does not appear to us, however, 
that the trunnions may not be made with any amount of surface that is 
thought desirable, but we believe the proportion adopted by Messrs. Penn 
will be found adequate, and need not be increased. 

ROTATOBT ENGINES. 

Rotatory engines are engines for obtaining a motion round an axis by 
the direct action of the steam, without involving the necessity of recipro- 
cation. Some of them operate on the principle of reaction, of which the 
^k>lopile and the engines of Aver^ and others may be taken as specimens; 
others operate on the principle of impulse, as exemplified b^ the wheels of 
Branca, Corde, and Pilbrow ; a third kind trusts to the mtervention of 
some liquid to produce the desired effect, as in the mercury engine of Watt 
and the wheel of Amonton; while in the fourth class the piston moves in 
a circle round the axis. It cannot be said that any one of the multitude of 
rotatory engines yet tried has been completely successful ; nevertheless, we 
are by no means of opinion that a good rotatory engine will never be dis- 
covered, but, on the contrary, believe that the reciprocating engine will 
yet be superseded by a rotatory contrivance of a far simpler kind than any 
one now contemplates. Time will test the justice of this opinion. — It is, 
of course, impossible that we can give any enumeration, even, of the num- 
berless schemes for rotatory engines that have at various times been pro- 
jected, but we shall briefly describe a few of those which have attracted 
the most attention. 

In Plate XX., entitled ** Prefects for Rotatory. Steam Engines,'* ./i^. 1., is 
an engine with a revolving piston, contrived by Mr. Watt, who was the 
author of several plans of rotatory engines. One of these was the engine 
mentioned in page 16., as having been moved by the force of steam acting 
in a circular channel against a valve on the one side, and a column of mer- 
cury, or a heavy weight, on the other side ; and the other engine was that 
mentioned in page 17., as having been of the form of a decanter. In fig, I. 
£ is the cylinder, A the revolving piston, B a valve opening and shutting 
like a door, H the steam passage, and K the eduction passage leading to 
the condenser. The steam pressing between B and A forces A into revo- 
lution, carrying with it the shaft D ; and when the piston in its revolution 
meets B, it forces it back in a recess and passes by, when B is again imme- 



diately forced out by the pressure of the steam behind it The defect of this 
engine is, that A strikes B very forcibly, so as materially to iigure the 
machine. The leakage, moreover, is greater than in common engines. 
The plan has often been revived with new modifications, but has never 
realised a result equal to that reached by the reciprocating engine. 

Fig. 2. and 3. is a representation of a rotatory engine, contrived by Mr. 
Murdoch. £ E is a steam vessel, furnished with rollers A and B, toothed 
into one another, and the ends of the teeth are made steam tight, where 
they rub against the steam vessel C and D are the axes of the rollers, ee 
and //the ends of the steam vessel, H the steam pipe, K the eduction pipe, 
r the steam valve, Q the condenser, R the air pump, and Z a crank by 
which the air pump is wrought The steam entering at H forces the 
toothed rollers round, in order to proceed towards the vacuum at K. There 
is much friction in this kind of engine, much leakage, and but a small 
power realised, in proportion to the size of the machine. The same scheme 
is proposed for raising water in Leupold*s Theatrum Machinarum of 1720, 
where it is called the Mcmhina PappenheimiancL, and, indeed, in these 
olden books devices are continually met with which have been re-intro- 
duced at a later time with great parade and pretension. There is a pro- 
digious waste of ingenuity in this re-invention of things already invented 
before. The history of mechanical device has yet to be written ; and there 
could be no task more useful than that of recording all known devices, so 
as to establish a point from which invention might properly begin. 

Fig», 4, 5, 6, 7, and 8. represent a rotatory engine, contrived by Horn- 
blower, and fig, 9. Carter's improvement upon it. The steam is admitted 
between two movable rectangular leaves, A and B, placed within a cylinder 
EE ; and these leaves being so provided with catches that they cannot 
move back, the effect of the admission of steam between the leaves is to 
force the foremost of them into revolution, ee, ff^ are the ends of the 
cylinder, h the steam pipe, k eduction pipe, DC the axes by which the 
steam is admitted and discharged ; there are two steam valves a, and two 
exhaustion valves 6, in the flat sur&ces of A and B. The steam is admitted, 
and the exhaustion effected through the axes, which are made hollow for that 
purpose. M M, fig. 8., are clamps lodged in the circular channels tp v, and 
their configuration is such that they will turn round easily enough in one 
direction, but when forced in the other will jam, so that tiiey serve the 
purpose of ratchet wheels. Similar clamps are situated within the boxes xx 
and yy^ fig, 6., and they are connected with the short double-ended levers 
xy and N N, i^xed to the shafts. In^E^. 9. M M are the clamps proposed 
by Carter, H H being the circuhir box as before, the ends of the lever N N, 
against which the clamps act, are eccentric to the box, so that they jam 
when N N moves in the direction of the arrows ; pp are springs by which 
the clamps are carried round with the leaves. So soon as the moving 
piston comes round to the position occupied by the stationary piston, the 
stationary piston by a reversal of the vsdves moves on, and the moving 
piston l)ecome8 stationary, and so on continually. 

Another rotatory engine, designed by Homblower, is represented in 
figs. 183, 184, and 185., and consists of a steam vessel made of cast 
iron, of the form of a globe, flattened at the poles. Fig, 185. is a repre- 
sentation of the parts of the machine which move round within the steam 
vessel, and^^. 184. represents the interior otfig. 183., with its lid removed. 
The pipe k^fig. 183., receives the steam fh>m the l>oiler, to which is con- 
nected a valve-box, of any usual construction, by whidi to regulate the 
admission of steam. At B the eduction pipe is connected, leading from 
the upper apartment to the condensing apparatus, and turning in such a 
direction as may be most convenient for the discharging pump to be 
wrought by the axle of the engine. DD* is a middle part of the steam 
vessel, furnished with flanges for the purpose of screwing it to EE^ and 
also for receiving the lid ; by which means the partition within is secured 
to its place in the middle of the machine; and the lid may easily be re- 
moved for the purpose of rectifying and repairing the internal structure. 
G is the square part of one end of the axis of the machine, over which is 
placed a gland H, divided into parts, in order that it may be put on over 
the square, and properly embrace the round part of the axis. Within this 
gland is a stuffing-box, for the purpose of keeping the axle both air and 
steam tight In one side of the lower apartment of the steam vessel is a 
small opening, secured by a lid, for the purpose of cleaning that part of 
the machine. 

Fig, 184. represents the partition within the steam vessel, which may be 
made either of brass or iron, or of l>oth those metals combined. B B is the 
lower flange, the upper part being taken away. CC are the two openings 
or passages for the vanes : these the inventor calls vane-ports ; and to 
reach a right conception of their figure, it may be explained, that the 
largest vane-port is formed by the exterior portions of two cones, and by a 
portion of the concave part of a sphere. The extent of this passage 
throughout must at least be equal to ninety degrees of a circle, and the 
vanes must be of a sufficient width for two of them always to make their 
entrance into the vane-ports before the other two make their exit The 
edge may, therefore, l)e supposed to descend into the lower apartment one 
half of its depth, and to rise the other half to meet the eye. The part E is 
formed spherically, and is provided with a packing-groove, which meets 
the edge of metal in the middle of the vanes. FF is the main axle 
of the machine, as well as the descending vane, by which means both the 
nave and the vanes move steam-tight in their revolutions. V V V V is that 
part of tiie partition which forms a plane at the axis of the globe, and is 
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Hcond in iti pbce bf ^ing M>Ud in a rabbet vith the iuo«l Jointang 
■utniili on tbe interior margin of ibe «tewn tcimL Two brauet, G 0, •!« 
let down into the partition, and Xhey are niied or deprened by icrewa, u 
oeeanOD may require. The open vane exhibiu a frame of metal, whieh 
TmeiTei a plate on each (ide : Uie«e plalei, with the edge of metal, K, can 
with the Imne, form noovei and VMOitiet to receive the packing. 

Mr Samuel Clegg^ patent for a rotatory engine ii represented In 
figi. 18S, 187, and 188. 

Fig. ISG. la the onderiideoTK cireoliT piece of ca(t-iroii,Bi]dof a diameter 
ind thickneu proportioned to the liie of the engine. I ii the common 
centre of the different cirelei ihown on thia piece. With any cooTenient 
ndina leaa tbon tbat of A A, deecribe tbe circle C C, and within the latter 
Ibe circle* D D and E E, the radiua of tbe latter being the least of those 
now named. From the luea of these parta, which will be immediately de- 
•cribed. an ide* of their relative dimenaiooi will readily be inferred. Let 
that part nf the sarl^ce AB, AB which is contained between the circlea A 
and C, be plain. Between tbe circles C and D sink a dreular groore CD 
of any given depth; and between tbe cirelea D and E let another circular 
groore be cat, of the breadth D E, and of any given depth lesa than that of 
the groove C D. Let tbe remaining part of the mrfhce A B, namely, that 
inclnded between E and B, be cat dawn to any depth leas than the depth 
ot the groove DE. Into the groove CD let lu^ a nomber of tegmenta of 
a circle be fitted aa shall form a complete circle, excepting the q>ace at L, 
which is oecopied by adjosling acrewa or apringa, to keep the aegments 
etoae together. The segments are the breadth (or nearlj) of the groore 
CD, and of a depth lesa than that of Che groove C D. Those side* cf them 
which apply to each other are to be gronod together plain, and air-tight if 
possible. Their onder-Bnr&ces, which are shown in j^. 18S., are to be flat, 
so that the whole may form one complete plain surface, excepting the Bpac« 
before mentioned, which la taken up by adjusting screws or springs L, 
which screws or sprinn are placed ao fa below the surface aa to let a 
rolier pass by them, which will be mentioned hereafter. 

Fig. 167, represents a vertical section of tbe plate and grooves of j^. 186., 
rating upon a circular chamber or hollow space, Y Y, to which chamber the 
said plate fbnna a light covering, excepting that apace occupied by apringa 
or acrewa, L L, as befbre menUoned. I, uie centre of all the groove* and 
dnle* b«A)K described, is also the centre til the shaA. On the ih^ I is 
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fkstened a plate or coupling Z, in which is inaerted a bar, F. ThUbarmay 
be of any given bteaddi, bat in depth molt be lesa tliaa that to which the 
circle EB was CDI below the surface A B. To this bar Is attached a wheel 
or roller, O, shown in Jig. 188. Tbe manner in which it is attached to tbe 
h*T F 1* also there seen, and it ia so attached to it that the t^ of the wheel 
or roller, G shall alwayi be higher than the topof the bar F. The wheel 
G, being attached to the bar F, will, when the bar ii mttde to revolve, de- 
•cribe adrcniarpath HHH, along the plain tnr&ce of the segmenti befbre 
dcKribed. c, is uie oondenter, a the air-pump, b the air-pump bucket, d 
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veil, <the foot-T&lre. j^ (he cam vbicli works the air-pump, andr 



■.f/Ae . 
Letlbi 



MpDenl, which uuwen to the path or the roller G, be rounded off in snch 
a niBDDer aa to make that portion of (he surface an arc of a circle, the eou- 
vez circninfereDce of which iapreaenled to the roller G. lafig. ISS., alH, 
is shown a perpendieulgr Tiew of one of the segments, rounded ofl' in ^e 
manner deicribed, and presenting its convei circumference to the roller G. 
There maj, likewise, be another roller attacbed to the bar behind it, to 
lower down the segments in the same manner in which they are raised b; 
the first roller. Now it is obvious, all the saXi segments being in their 
places in the groove CD,.^. 1B6.. that the roller G, in performing a revolu- 
tion roond the centre I, must tro*et along a aeriee of convex arcs of circles 
equal in number to the number of segmeuM in the groove C D. The groove 
DE is, in fact, a recess in the deeper groove C D, and maj, if necessary, 
he filled with hemp or tallow, or any other materia!, which ma; answer the 
purpose intended. It must be remembered that fig. 1B6, is a view of the 
tinder side of the machinery. Fig. 187. is a section of it, supposed Co be in 
its proper position, reitins as a cover to the circular chamber Y Y, and the 
segments resting upon a flat ficing 00. Each segment projects over the 
&cing OO on both sides ; their projection on one side completes the cover 
over the hollow chamber, and the other is the ronnded surface for the roller 
to lift ihem. The &cing 00 is exactly, or as nearly as can be, level with 
the tmder side of the plate A B A B, when the plate is on its place, as re- 
presented in^. 187. ; sothat.whenthesegmenuareallinlheir places, they 
complete the semicircaUr chamber, and fit so close on their seats and in 
the groove, that were the chamber to be filled with any elastic fluid, they 
would prevent its escape, or nearly, excepting where the space is left fur 
the springs or adjorting screws. The use of these segments, tchich art 
what (A< pattntte ctainu at hii tHvaituni, is as follows: — Conceive a door 
or valve to be fitted in the hollow chamber at Q, and a piston, K, likewise 
fitted in the chamber so a* to move round in it, and the bar F made fast to 
the piston, on Che side and in the maimer represented ia.^. 186.; then, if an 
elastic fluid of suftcient strength enters the chamber at N, itwill press 
equally against the door-valve and the piston ; but the door or valve being 
immovable, and the piston movable, the piston will be propelled forward 
in the circular chamber by the elastic flnuL The bar F bemg fastened to 
the piston, and the roller G to the bar F, in the manner represented in 
fig. 188. ; and the roller being in motion with the bar and piston, the roller 
inll lift the segments in succession as it eomes in contact with them. The 
segments before the bar, being by this means lifted, allow Che bar Co pass; 
and the operation being the same in all, the bar and piston make a com- 
plete revolution. Each segment, as soon as the bar leaves it, falls down by 
Its own gravity, or by springs, or any other coDtrivaace, so that Che open- 
ing which is made for Che bar to pass is closed before the elastic flnid 
reaches it* the elastic fluid being kept fhtm the opening by the inner 
breadth of the pitton exceeding the outer diameter of each segment The 
door or valve is lifted out of the way of the piston, when Che piston comes 
in contact with it. into the opening in the plate at N, a recess being made 
in that segment which is opposite the door for that purpose ; during which 
time Che elastic fluid is shnt oat, hut it enters again wheD the door returns 
to its seat, and thus the operation continnes. There is much ingenoity in 
this contrivance : the principle on which the bar is enabled CO pass the 
segments is nearly identical with that introduced by Mr. Clegg into the 
atmospheric railway, for enabling the piston within the pipe to be joined 
on to the carriages outside. 

Our next example is Mr. TtLmer's rotatory engine, patented in 1816. 
^.189. is a plan of the engine, represented so as to show the internal struc- 
ture. Fi^, 190.isanolherplan. ^u)i.191.and 192. aresections,takenthrongh 
.the axis of the engine in different directions. A A, BE, CC, is the cylinder, 
or external case of the engine, made in two or more parts, which are 
&stened together with screws, so as to form a circular or annular passage, the 
transverse section nf which is likewise circular, as shown at EE, figi. 191. 
and 192. The piston F,fig. 189., is accarately fitted intothiscircular passage, 
and is ceased to revolve therein by the pressure of the Steam, which is ap- 
plied liehind it, or on the side F, whilst a vacuum is made before it, or on 
the side G. The piston being eoimected with a central plate G, which is 
fixed fast upon the axis or shaft H, the said shaft is put in motion ; and bj 
wheel-work I, or any machinery which is best adapted, the power of the 
engine is communicated to any useful purposes to which it is intended to be 
applied. The means by which the force of sleam is made Co produce the 
rotatory motion is as follows : — Two valvei or sliders. K and L, are ap- 
plied at the opposite sides of Che annular passage or cylinder EE, in the 
manner represented in figt. 1S9. and 191. The edge of the central plate G, 
which has the projectingarm to communicate with the piston, must be made 
so that they can be made to shut up the passage of the cylinder E E, as repre- 
sented at L| nod prevent the passage of the steam through the same, or the 
sUder may be opened, as shown by the dotted lines, to allow the piston F 
to pass freely through the cylinder. This is done l>y moving it sideways on 
its centre 3. out of the cylinder, into the box or case M, which is provided 
for its reception. The sliders are put in motion by a communication (tum 
Che outside of the engine, so that each one shall begin to open as soon as 
the piston F approaches it, and shall be completely opened whilst the piston 
passes by, and titat it shall then descend again upon its seat N 0,figi.lS9, 
and 19S., are two passages, through each of which the steam is alternately 
introdoced and witbdnwn from the cylinder. The two passages are pUeed 
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•D oppoaite lidet of tlie Mntre of the engine, mi tie prorided with valvea 
or cocki, wbich ire adipled (o be opened and ihnt b; the action of the 
machinery in snch mcceuion, that when Ream is entering from the boiler 
into the cylinder at one pooage, it ahall be going out into the open air, or 
to the condenier, at the oppoaite punge. The mecbaniam which actoatea 
the alidea Kl<, and the caechviiBm wbich opena the valvea for the admluion 
and eihaaition of the neam througfa the pauaget S and O, ad in concert 
vilb each other, and in nniaon with the motion of the pialon Fi ao that, aa 
toon ai poaaibie after the piilon bu paaaed by the aeal of a alider, the alider 
thall be lowered down into iti place ready to eloae the paaaage of the cy- 
linder behind the piaton. The initaot the picton haa paaied by the next 
opening, the iteam ii admitted to flow Ihrongb it, and act between tbe slider 
and the ptaloa, to force the piston (brwarda m the cylinder by ita ezpanaife 

To explain the action of the ea^e more clearly, suppose the parti in the 
poailionin Jig. 1S9.; the slider L la abut, and the steam it flowmg, HirouEti 
the paaaage O, into the apace between (he alider L and the piston F ; at tbe 
same time the paasage N is open to tbe condenser, to exhauat the ateam 
from the remaining part of the cylinder, and to remoTe the pressure from 
tbe front side G, Otihe piatoa. Id conseqneDce, the pressure of the steam 
acting behind the piston F, puts it in motion in the direction of the arrow, 
and drives the arm of the central plate before it. The alider K, is 
now Id the act of opening, and by the time the projecting part of the plate 
G arrives at its seM, it will he quite open into the box M, where it will re- 
main until the piston F has passed bj its seat ; it then begina to descend, 
and by the time the pialon amves at the opening of the passage N, the 
alider S. will he completely shot and slop the cylinder. The iualant the 
piston has passed over the opening of the paaaage N, the ateam valvea aie 
changed by the machinery, so as to admit the steam into the passage N, and 
also to allow the steam to pui away, throtigh the other paaaage 0, to the 
oondenaer ) in conaeqaencc, the ateam enters the space between N and K, and 
thn*. being behind the piston, drives it still fbrwards towards the sUder L, 
which immediately begins to rise by the action ofthe machinery, and as soon 
as the prcgccting part G of tbe centnl phUe approaches it, ii will have re- 
treated into the box M, leaving the cylinder free forthe passage ofthe pialon. 
Immediately after the piston has passed, the slider L descends again, and 
gets settled to ita place by tbe time tbe piston arrives at the opening O } 
and the inatant the pialon baa passed over this opening, the steam valves 
are changed again ; ao that the ateam will be admitted at O, behind the 
pialon, and act between the alider L and the back of tbe piston, to force il 
forwards, wbich is the aama poaitiou represented in the figure. By this 
means the preasnre of the sleam is always made to act behind the piston, 
and the vacuum is muntained before iL The sliders K and L are put 
in motion by levers 9 and 10. which are fitted on the outsidea of the boxes 
H, bnl move upon Ihe same centre pins 3, aa the alidera move upon within- 
itde the boxea, the levers being forked, as shown is the figure, to reach on 
each side of the boxes ; and the centre pins 3 pass through the aides of the 
boxes, and also through both forks ^ the leven 9, 10, bat do not turn 
roimd in the holes. To commonicole molion from the levers at the out- 
ndes of the boxes to the valves withinaide, carved rods, II, 11, are carried 
from the levera through the udes of theboies M, ondjointed to the arm 
of the sliders ; atuffing boxes are formed tvund the roda to make tight 
filtinga where Ihey paaa through the sides of tbe boxes M. The enda of 
the levers, 9, 10, are made to be included In an eccentric groove or rein, 
Z y, fixed to the central axis H, Theformof this is shown in j^. 190., and 
il snch as to hold the sliders ahnt, except daring the time thai it is neces- 
sary to lift op the same to allow Ihe piston to pass by. To make the 
ali^rs fit steam-tight when they are ahnt, they are made rather larger 
than the diameter of the cylinder, and are received in groovea made round 
b the inaide, and the valves are ^ond against one of tbe faces of each 
of these grooves, ao that they will fit tight without any packing. The 
piston is made of several aegmenta put together, with springe behind them, 
to throw them out againat the inaide tutftce of the cylinder, and it ia thus 
nude tight witboat any packing of hemp. 

We DOW come to the i«tenl of Mr. Joaeph Eve, taken out in 1835. Fig. 
lis. presents an end section ; fig. 194. a longitudinal section of this engine. 
"a a are the cylinder and cone, revolving in contact in opposite directions, 
the eone having one groove, and being one third of the diameter of Ihe 
cylinder, which latter has three wings or pistons c c r, the enda of which, 
aa they revolve, touch the oater case e, and do not admit any ateam to pasa 
The steam ia admitted through the pipe/, and acting on the wing c, causes 
the eylioder to revolve until the said wing passes Ihe pipe g, when the 
volome of ateam lodged between each two wings, is allowed to eacape. 
The wing, wbich haa thus passed, fklls into the groove d of the cone, 
the bottom of which groove it toaehea in pissing, Una allowing no aleam 
to escape between. The said wing c then poases again by the steam pipe 
f, and ia acted upon aa before described, and ao on in rotation. The 
cylinder a, which ia firmly fixed to ita axis &, rests on one aide on the 
Odtercaae e, through which the axis projects ; but aa there iaaome friction 
produced by the revolution of the cvlinder at ila two enda tooching 
the oater case, a falae end A A, ia placed under the opposite end of 
the cylinder, which &lse end alides on the azia b freely, and has a 
thread cat at the end, by means of which, and the adjusting nul i, 
the nlinder, if worn at the two ends, can be eawly tightened and ad- 
IWad. The ■4jasting nut ia confined bj the eoUar i, which collar ii 
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screwed to the outer case. Tbe conical shape of the small runner, which 
can likewise be moved upwards or downward! in the outer case, serves to 
keep the two convex sur&ces of the cylinder and cone in contact. The 
groove d, in the conical runner, is cut into a separate piece of metal, which 
slides by on adjusting screw a, up and down : so that when the engine 
is adjusted, tbe groove d. On Ihe piece of metal, into which the said groove 
is cnl, can be moved up and down, so as In fit the wings of the cylinder. 
Letters a n, in J^. 194., represent two cog wheels nmning into each other, 
attached on the outside of the engine to ttie axis of the cylinder and cone, 
placed there for the purpose of produciag a corresponding revolation of 
Ihe said cylinder and cone, thus cauaing the groove of the cone to prcMiit 
itself regularly to the wings of the cylinder ; o, it a pinion fixed to the 
other end of the axis, by means of which any machinery can be pot into 




Another variety of steam engine on this piindple is shown by an end 
section view in J^. 197., and an external view inj^. 198. Thia engine has a 
cylinder with two amall conical nmoers on each aide, tbe said conical 
mnuers being of the sa|ne constmction M before described, with one groove 
cut into each, and being one third of the diameter of the cylinder. There 
are two induction and ino eduction steam pipes ; Kid althoagb the engine 
may be, with the exception of the addition of one of the conical mnoen, 
eiactiy of the lame aiie aa the one Grtt described, a double qnantilj at 
ateam is requisite, and twice the power of the former engine is gained : 
the ateam enters throagh the pipe/o, and acta on the wing c, which, after 
having paaaed tbe pipe jo, where the steam escapes, Uls into tbe groove 
1^ of the lower cone, and appearing at Iheindoctioo steam pipe /£, is loaded 
■gain with ateam presaure, which it discharges at the second eduction [npa 
If 0, and then enters the groove of tbe upper cone, which having pftaaed, it 
IS loaded again al the firat-mentioaed mdoction pipe. Letters aa, are 
bridges, by which the spindles or axes ibb. m tuBporlcd. Thia engine 
has tbrte cogwheels hno, attached to Ac ikre* spindle*, so a* to csnae 
O G 
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the cjlinder sDd cones to Rrohc Id aniioD, and, like the &«t-d««eribed 
engine, hu « pinion a, on the opposite end of the ixif of the cjlindfr. 
Fig. 199. ihov« aa end sectioD, fg. aoo. t lonntndinal aection, «iid 
fig. 301. tbe exterior of another fbnn of this engine, m which there are two 
ruUen. The coniol rnnnen, in this case, are of ui equal leagth and 
diameter, each haa two wings or pialons attached, and two groovea cnt into 
it, and in revoWiag in oppoaite directions, the wing of one ranner GUIs 
alternately iolo the groove of the other. The steam enters hy pipe f, and 
m the cylinders are mnniog in contact, it cannot escape between Lhem, but 
acts npon the two win^ !□ opposite directions, and escspes at the eduction 
pipe 0, afler the said wmgs hsTC passed the same. By reference to jig. 200., 
which represents a longitudinal section, it will be seen that the two cones 
hiTe each two false ends hk, sliding tne\y on their spindle* ; the two outer 
cues ee, fit over the nmnen and their wings exactly ; each of the fonr fUse 
ends has an adjuatiag not, by which the engine is tightened if steam shoold 
escape, or slackened if it shontd nm too tight Each pair of the false ends, 
where they join, have a plate that connect* them and breaks their joints, so 
' ■ m i this pUle A, slides into the groove r, cut out 

middle. On 



le connecting plate 
theae false ends packing rings, ggg, which an confined to the sliding plate, 
as exhibited in die Utter figure, are placed. Theae rinoi press against the 
hollow nnter cases, and prevent any steam escaping by them. These pack- 
ing rings are shown in section, in^. 200. It will be evident that the &lse 
ends need not be made true, if the connecling plates and packing rings, as 
above described, be adopted, and that the engine, if provided with move- 
able false ends, conical ruimen, and the afore-described connecting plates, 
and packing rings attached, as shown in^. !OO..can always be kept steam- 
tight, and by oae the varions parts, on which there is any friction, will fit 
belter." 

Fig. 20!. is Beale's rotatory eogine, in which the steam is adnutted on the 
one side of an eccentric frame, anned with rollers, which serve the pUce of 
pistonsi and the centrifugal force is reckoned capahleof keeping the roUen 
against the interior of uie cylinder. An engine npon this plan hss been 
pnt into a steam veatel, hot Ma inccess has not been sncb as to induce its 
more extended adoption. 

Fig. -20^. is the engine specified in the last patent of the Eari of Don- 
donsld, and which has been introdnced in the steam ftigate " Janua." It 
is not very correctly represented in the accompanying sketch, which is 
copied from the rough drawing given in his specification. This phui very 
much resemble* ihst contrived by Walt, except thai an eccentric is snb- 
itilnted for a leaf, and a ball and socket ioint is introdnced in order to 
enable the steam and exhaustion doors to make a steam-ltghl junction with 
the eccentric. This contrivsnce has not as yet realised any great incceis, 
and the prevailing opinion among engineers appears to be, that it will not 
supersede ordinary engine*. Sunilar engines h«ve been tried on monj 




DDMnOMaLD, IB44. 



they have been always found to involve either a rn- 
iuoui amount of leakage, or such a degree of friction as to make the plan 
impossible in practice. These difficoldes will probably be abated aa the 
resources of workmanship increase ; but they exist U the preaeot time, and 
have proved fatal lo nearly the whole tribe of rotatory engines. 

The following is the description of Mr. Peter Borrie's roWOTj en- 
gine, represented in one of the engravings. The letters in all the 
fignrea refer to similar parts. Fig. I. Is a transverse section, throogh the 
centre of the cylinder -, fig. 2. a longitudinal section of the engine i Jig. S. 
a transverse section through the centre of the air pump, and showing an 
end elevation of the other parts ij^. 4. a side elevation of the engine ; and 
Jig. 9. a ground plan. A is the foundation plate, to which all the paits of 
the engine are directly or indirectly attached. B is the external cylinder, 
fixed to the fonodation plate. C is a smaller cylinder, revolving within 
the eitemal one, on a shaft D, whose centre is placed so far above that of 
the external cylinder, tliat their circomferenceB may touch one another at 
the apper paint h '. Thus the space between them gradually increases fVom 
h' to die lower point h*. The shaft D passes through steam-tight stuffing 
boxes in tho cylinder ends, and revolve* in bearings on the frame* Z £, 
which are firmly boiled to the foundation plate, and stayed to the cylinder. 
E E are two sliding pistons, consisting each of two anus, connected tc^Mher 
by four rod* passing over the shaA : their breadth is eqnal to that of the 
ootET cylinder, and their joint length over their extremities is necesnrily 
somewhat less thj>n its diameter, owing to the eccentricity of the revolving 
cylinder : these pistons slide ft-eely at right angles to one another, through 
passages made in the circumference of the revolving cylinder, their sliding 
motion being caused by the pressure of one of their extremities on the 
ascending side of the outer cylinder, (whichever side that may be,) and 
the eccentricity of the revolving cylinder through which they slide. As 
their length is always slightly varying during the course of a revolnlion, 
the difference is made up by metallic packmg, plBc«d between the two 
thicknesses of plates of which the arms of the piatons are composed : the 
packing Is pressed by springs towaid the udes and circDinfkrniee of III* 
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oater cylinder, and will be undentood by referring to fi^, I and 2. on the 
drawing. There are metallic packings in the passages in the inner cylin- 
der through which the pistons slide, which are pressed on the flat sor&ces 
of the pistons by springs, and prevent the steam passing to the interior. 
There are also two steel rollers at the inside of the packings, which are 
pressed np to the flat sides of the pistons by screws ; these are for the pur- 
pose of diminishing the friction of their sliding motion. These rollers 
would not be necessary excepting in large engines. The rim of the inner 
cylinder is made to project into metallic packing boxes in the cylinder 
ends ; thus the steam is entirely prevented from passing into the interior of 
the inner cylinder ; a packing box is also placed at the point of contact A>, 
to prevent the steam passing to either side. It will therefore be under- 
stood, that the steam only acts on the projecting part of the sliding pistons, 
between the inner and outer cylinders. The steam in coming from the 
boiler, through the steam pipe F, has flrst to pass the slide G, which is 
worked by the handle H ; it is used for regulating the speed of the engine, 
and also for stopping it, when required. After passing the above slide, it 
enters the steam-tight jacket J, the bottom of which is the slide face having 
the four cylinder ports, K, L, M, and N, and the eduction port Q on it 
A slide O worked by a handle P passes over these ports for Uie purpose of 
reversing the motion of the engine. There are two ports O* and O^ on the 
slide, one of which, O^ in the position the slide is shown on the drawing, 
is open to the steam port L, the port N is closed, and the two ports M and 
R are open to the eduction port Q, so that when the slide is in this position, 
the engine will necessarily move in the direction indicated by the arrows, 
and by moving the slide along until the port O' is above the steam port K, 
then will the port M be closed, and N and L open to eduction, so that the 
steam will act at the opposite side of the cylinder, and consequently the 
motion be reversed. The lower cylinder ports M and N are never used for 
admitting steam, but only for leading o£f Uie eduction ; the olgect in placing 
them so low in the cylinder is to allow the vacuum to act upon the pistons 
sooner. From the relative position of the two cylinders, the distance be- 
tween their circumferences gradually increasing from contact at the upper 
point A', to the greatest distance at the lower point A* (which in this case 
is one sixth of the diameter of the external cylinder, but may be varied 
according to circumstances), it will be seen that in whatever direction the 
engine revolves, the area of that part of the pistons which is acted on by 
steam and vacuum gradually increases, so that the principle of expansion is 
carried out, without the use of expansion gear. The steam passing through 
the eduction passage Q is conducted by the eduction pipe R to the condenser 
S. T, is the iigection slide, placed at the lower end of the eduction pipe, 
and conducting the water up the pipe, so as to act fully on the steam in 
passing downwards : it is worked by a lever and rod connected to the 
handle U, which is placed in proximity with the other starting handles H 
and P. V, is the blow through valve. W is the air pump, which is a double- 
acting one, the interior arrangement of its valve, &c. is shown at fig, 3 ; it 
has a metallic packing piston, which is worked fVom the main shaft by a 
crank and connecting rod, and the piston rod is kept parallel by two slide 
guides bolted on the air pump cover. X is the hot well, and Y the dis- 
charge passage. The pumps are worked from the main shaft by an eccen- 
tric C, connected by rod and lever to a rocking shaft d, on which are keyed 
two levers e and/, which are connected by rods to the pumps g and h ; the 
pump g is intended for the bilge water (supposing this to be a marine en- 
gine), and the pump h for feeding the boilers; the latter has its valve chest 
;, bolted on the hot welL 

The drawing represents an engine with outnde cylinder, 3 ft 6 in. dia- 
meter, and I ft 6 in. long ; and internal cylinder, 2 ft 1 1 in. diameter. 
The steam is supposed to be at 30 lbs. pressure above the atmosphere, and 
the vacumn in the condenser to be 12 lbs. per square inch. From these 
data, the projector calculates that at a speed of 50 revolutions per minute, 
allowing 10 per cent for friction, the engine will raise 1,976,400 lbs., 1 foot 
high per minute, with a consumption of *36 cubic feet of water, in the shape 
of steaoL We do not altogether understand the very long calculation by 
which Mr. Borrie arrives at this result ; but, firom somewhat simpler com- 
putations of our own, we believe he is not flir wrong in his computation, 
which makes this engine one of about 60 horse power. As it is admitted, 
that a common low pressure condensing Boulton and Watt engine requires 
about three times the quantity of steam for the same power, the patentee 
arrives at the conclusion that his engine will save two thirds of the coals 
consumed by the ordinary en^nes. Several considerations prevent ns ac- 
quiescing in this. In estimating the quantity of steam used in a Boulton 
and Watt engine, 37 per cent, is allowed for friction, leakage, &c., besides 
one twelfth more for filling the passages, slide valves, &c In Mr. Borrie*s 
ertimate of the powers of his own engine, he allows only 10 per cent for 
frietion, and nothing at all for steam wasted in flUing passages. Then, 
again, Uiere can be no fair comparison between a high pressure condensing 
and expansive en^ne, with steam at 30 lbs. on the inch, and expanding to 
above twice its original volume, and a low pressure non-expansive engine. 
Mr. Joseph Wool's patent rotatory engine, which is figured in one of 
the plates, consists of the following principal parts : — the revolvinff parts 
consist of an axle passing through a circular disc plate and ball, which plate 
and ball are termed the diaphragm of the engine. These are firmly fixed 
on the main driving shaft at right angles to its axis of motion. The disc 
plate, and consequently the axle, has also attached to it a piston oscillating 
towards each end, in a line with the main axle, and passing through a slot- 



hole formed in the diaphragm from its centre to its circumference. This 
diaphragm or disc ^late is furnished with a channel or way, passing down- 
wards ftova. each side of the slot cut through it for the piston to pass, and 
this way or channel extends throngh the ball, where one way or channel 
turns to the right and the other to the left, and emerging from the said ball, 
continues as a channel formed on the axle to the admission and exhaustion 
chambers respectively. 

The stationary parts in this modification of the ei\gine consist of two 
conical surfaces or side-pieces, inclosed in a spherical case in such a man- 
ner that one portion of each side of each cone shall be perpendicular to the 
axle of the machine, and in contact with the revolving diaphragm on its 
opposite sides, and also on the opposite sides of the axle; and, moreover, 
where the portion of one side of Uie diaphragm is in contact witii one cone, 
it has the opposite cone at its greatest distance. The apex of each cone is, 
however, removed and cupped so as to fit the centre ball of the diaphragm 
before mentioned ; and that part of each cone in contact with the diaphragm 
and its ball is consequently subject to wear by friction, and is made of a 
separate piece of suitable metallic packing, and adjusted by springs or other 
mechanical means. 

In this modification of the machine the spherical case continues all round 
the cones (excepting where it is pierced for the axle to pass through), and 
the cones are hollowed out to form chambers for the admission and dis- 
persion of the steam or other fluid, the direction of which is altered by a 
valve for reversing the induction and eduction apertures. 

The cones being placed as described, within the spherical case, a space is 
left between them, which is divided into two equal parts by the diaphragm 
before mentioned, the diaphragm being in light contact with the spherical 
case throughout its periphery, and at one point of each cone and its central 
cup ; and each independent space between the diaphragm and the cones 
will present the form of a double wedge, jointed at the base, at that part 
where the cones are furthest firom the diaphragm. If the actuating fluid 
were introduced into one half of the space, it would tend to press the dia- 
phragm into the opposite one, and to make this power available, a piston is 
mtroduced of the form or section of the entire space, at right angles to the 
diaphragm, which piston oscillates from the centre of the axle, through the 
slot or opening in Uie diaphragm before mentioned, so as to slide over the 
sides of each cone as the space on either side of the pisttm increases or 
decreases. Further, the actuating fluid is conveyed through the axle and 
diaphragm by the pipe or channel before mentioned, and impinges imme- 
diately on the piston (except when used expansivelv) throughout the entire 
revolution of Uie piston, diaphragm, and axle, all of which move simul- 
taneously. Just before the piston passes the culminating line of contact of 
the diaphragm and cone, the exhausted fluid is liberated and passes through 
the slot-hole and second or exhaust passage of the diaphragm into a con- 
denser or otherwise, whereby one side of the piston is constantly exposed 
to pressure, and its opposite side to the vacuum or atmosphere. 

Fig, 1. is a longitudinal section of the machine, taken vertically, the 
piston being removed. Fig. 2. is a transverse vertical section, taken through 
the centre of the machine, the diaphragm and piston being removed. Fig, 3. 
is another longitudinal vertical section, showing the cones in plan, or as 
they would appear in the engine ; and the diaphragm and piston, in the 
situation they would be in after making a quarter of a revolution, from the 
situation shown in^. 1. Fig, 4. is a detached plan view of the diaphragm 
and section of axle and part of the piston. Figt, 5, 6, and 7. are partial 
views, showing the details of the piston, and its attachment to the axle and 
diaphragm. Fig, 8. is an end elevation of the engine. Fig, 9. is a firont 
elevation of the same. The letters refer to the same parts m each figure. 
B is the main axle of the machine, and on it is firmly fixed the diaphragm 
and ball A ; and within the diaphragm, through the hall, and on the 
surface of the axle, are the steam passages a a, commencing at the slot ; C 
is the body of the piston, and is keyed into the small shaft N, passing 
through the centre of the axle and diaphragm, which small shaft is ai^usted 
and mounted by means of screws at the ends, so as to permit a partial re- 
volution on its axis. This small shaft or pin conveys the pressure imme- 
diately from the piston to the axle B, and is extended as &r as possible, to 
increase the base and insure steadiness of action. The piston consists of its 
body part C, which incloses a packing piece O, pressed up against the 
spherical case £, by a spring, and carrying on each of its sides a rounded 
part, on which P, the side packing of the piston, swivels to adapt its rub- 
bing surface to the inclined planes of the cones DD, as shown in^. 3., and 
these packings are kept tight by the same spring as that which elevates 
the packing O, this effect being consequent on the shape of the packing 
piece O. The tail-pieces shown at O^ (^fig. 6.) are the parts of the packing 
m contact with the cups of the cones ; pp are two pieces for packing be- 
tween the bottom of the piston and Uie sides of a hole in the axle in which 
it oscillates. 

In fig. 5. the amount of liberty or space allowed for the oscillation of the 
piston is shown. The periphery of the diaphragm is rendered tight by 
two rings of metal LL {fig, 1.), formed with an inclination on the sides 
which are in contact with the diaphragm, and vertical on the others, which 
are in contact with the channel in ^e spherical case £ ; and these are 
pressed into contact with both surfaces l^ a coiled spring, or other me- 
chanical means. MM are rollers moving with the diaphragm, to assilt in 
steadying its motion and equilibrium, and are kept apart by distance pieces 
M, M, m, which may be dispensed with, if desired. 

OG 2 
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Th« oone* *re tcttired D, and the puking of the cnlmlDstiiig linea, and 
ako of the capped ority, ■reibovnU K, andarepniMd fbrvird agaimt 
the diiphngm b^ fringe i, or other mechwuctl meuu. 

E U the iphenetl CMe, ccottraeted ia tbit ioMsDce in two piecei, uid 
Jtuned together bj mem of flaitgei, bolu^ and aoti ; and hu » channel cnt 
ontfor theperiplieiy of the diaphragm and iti packing L to reroWein; and 
alio to contain the rollera MM, ai befbre mentioned. < ii a p«R of this 
ease, and containa the Itnfflng hoiet R S, to preTcnt the e«e*pe of iteam 
(Yom aroond the axle. 

F F are the admianon or exh&att ehamben before mentioned, eontalned 
between the back of the conea D and the caae E ; and a pipe or ptmtgeff 
proceed! fivHU each of tbeie to a eommoa ilide-Talre O ; and irhen the 
action of the engine it reqaired to be reTcned, the nlve ii moved by a 
handle, ao ai to direct the eorreni enieriag fWim the pipe H to either aide 
of the piitoQ, and at the nme time openi the oppoaite aide of tlie pitlon to 




Ft;. 204. ia a rotatory engine inTcnted by Mr. Tnle of Olaagov, and 
he haa had it in operation working imoothl; for aome yean. It coniiitt of 
a cjliader C, in which npon the uli A, rerolTsi another eccentric cylin- 
der B, fitting tightly by mean* of packing at the line of contact. D ia a 
diaphragm, which glidea verUully in nrong goidea and reati n^n the 
upperiideof the revo1<nng ptton B. The iteam is admitted by either of 
the pipel S' S", according to the direction the engine ia intended torcToWe 
in, die glide Talvea at the lower end of the steam pipea being regnlated 
accordingly. E ii the ednclion pipe. In the figure the steam is repreaeoted 
as entering by the iteam-pipe &, the Talve of which covers the eduction 

rand admits the steam to press apon the diaphragm D, and the pialon 
The Iteam f^om the pipe S', is at the same time shot off, and the 
eduction on that tide of the piston opened, and there being nothing to 
eoDnterbalance the pressure of the steam on the other aide of the [niton, 
and the diaphragm being incapable of any lateral movement, the piston B 
ia made to revolve in the direction of the eduction port. If motion in the 
contrary direction be dedred, it is only necessary to reverse the valves. 

We have already referred in page 3. to the rotatory engine, contrived by 
Mr. Klbrow, which consists of a wheel resembling a small overshol water- 
wheel, aniost which steam is projected, as in Branca's engine. An engine 
of a unular kind baa lately been broagfat forward by ib, Corde, but we 
have not been able to Imra that it haa met with any success in practice. 
Tbete en^nea q>er*te by the impuluve action of the steam, and although 
■team in usning f^om an orifice imparts a momentum to its particles equi- 
valent to the mechanical eOect realised by a pressore engine, jet the re- 
covery of the power implies a velocity of rotation such as cannot be attained 
in practice with convenience. Mr. Pilbrow seems to imagine that he 
realises some occnlt powen by this form of engine, and that by the nse of 
a certain fbrm of csvitj he doubles the power; but no form of cavity can 
extract from the steam a greater power Uian there is in it, and the fbrm of 
cavity cannot diminish the loaa and inconvenience incidental to the great 
vefoeitj with which the machine requires to move. In ipile of uiese 
dgfeeta. however, we think something will one day come of this principle ; 
and we therefore here aet down soma extracts turn ISr. Filbrow's patent, 



which will show the eonsidentioiu by which he was iwaysd in the device to 
which we have referred : 

" The properties of steam have hitherto been considered of thai peenUar 
nature as to render it impoatible to obtain it* fkdl power and extreme doty 
thim elusion, except by using it according to the pretent system ; that 
is, by letting it into a hot and close cylinder on a piston, and stopping its 
further entrance by cutting it off; to aUow it to eipand. Feeling, however, 
a strong eoaviclion that the whole power was to be obtained by some mora 
simple means than the present cottly, complicated, and pmideroua ma- 
chinery, and that a power so easily rruted need not be so laborioosly 
applied, I undertook a long series of experiment* to discover bow this 
might be done. I first commenced on the most simple fonn of engine 
known to ns, that of Hero's, and ascertained the tme cause* of its loss of 
power ; and fbond, after many inientioni to obtain fnmi thi* umple machine 
the full power and duty from expansion, that, though I could connderably 
increase its power by a spiral farm of arm, yet that I could not obtain the 
whole duly ^m expansion; and, consequeutiv, that an engine on this 
principle could never be brought to compete with Mr. Watt's condenaing 
engine. The failure, however, of my plans to obtain these resulta, disdoted 

to me the remarkable fact, that a current of steam in rapid motion that 

ia, issning fMm an orifice — loses, almost entirely tbr practical puraosea, 
that power from lateral expansion which it possesses when cnt off and 
allowed to expand in a cylinder. When I had confirmed this pheno- 
menon by other experiments, I was satisfied that steam poaseased an im- 
pulsive power of the utmost efficiency, entirely different from wbat had 
ever been supposed ) for, its full expansive force not being given oat latenlly, 
must have gone somewhere ; and, a* it could only expwid in the line ot it* 
issue, I became acquainted with this new and singular property of ateau, 
that it poaseased, in its mere velocity alone, a propulsive force fhim ha lineal 
expansibility equal in power and duty to the gross effect obtained when cnt 
off and allowed to expand nnder the best circumstance*. I had next is 
transmit thi* new principle of steam power to machinery, with the least 
posuble loss from friction and other deductiona, by some engine a* nmple aa 
the principle ; and this I supplied a* hereinafter described. Having fbund, 
however, that there is as great a difierence in the duly of atom, by the 
peculiar manner in which it is applied by its velocity, as is found in effect 
m the application of water, I shall first describe a few eiperimenta, being 
some of those which led to my invention, to show the accuracy required. 
The operation of Barker's mill, and of Hero's emission engine, is well 
known ; and though there i* no resembUince between their moving powen 
— the one acting by gravity, the other by repulsion — there seem* to be a 
•trict analogy between Ibeir results, proportioned to the power and velocity 
of each ; so that, whether water or steam be osed in the following expe- 
riments, the modes of action being similar, the operation and direction of 
the am will be the same: and it will be seen hereafter, that I obtain, 
by my application of the velocity of steam, the same duty therefitmi aa is 
obtained by the best ovetabot water-wheel — namely, a clear available 
effect of about two-thirds at least of the whole power of the steam employed ; 
that is, two-thirds of its power and of its extreme duty from ezpaooon ; 
the steam being expanded, in my application of it, so low as the atmosphere 
in high-pressure eo^es, and to the vapour-point, or state of condenaer 
vacuum, in condecsmg engines : degrees of attenuation which caimot be 
obtained by the present system, on account of the piston. 

" When arms on Hero's principle are used in the usual way, the arm* will 
revolve by unbalanced pressure; but when a flat plate is attached imme- 
diately befbre the orifice, the *team will impinge thereon, and, being bidien 
up, will change its course as therein represented, and the arm will become 
stationary, showing that the force of impingement equal* that of unbalanced 
pressure. I^ however, a cavity be fixed, instead of the plate, opposite the 
orifice, at soch an angle that the injet of steam can be returned hi its re- 
action clear of the arm, without impinging thereon, the arm will revolve 
in the contrary direction to tiiat of the previous unbalanced pressure, with 
more power than Ibal with which it revolced the contrary way previon* 
to the cavity being fixed thereon ; provingthalthecavity not only received 
the lame amount of impingement as the flat plate received (wblchwas shown 
to be at least equal to the unbalanced pressure), but by this peculiar injet 
and reaction or reissue of the steam, its wAo/e Btloci^ was airatid, and the 
cavity thos acquired another power of equal amount, sufficient to overcome 
the effect of unbalanced pressure only. But if the steam, on its reissue or 
reaction from (he cavity, is permitted to impinge at all against the arm, the 
arm will then only revolve in the opposite direction, with power diminished 
in proportion to the amonnt of such unpingement ; and if ^ the Steam on 
it* reissue or reaction from the cavity i* allowed, by altering the angle of 
the cavity, to strike fully against the arm, the arm will then remain staDonarj 
aa when the fiat plate was used. 

" When I had discovered bow this double power was to be obtained by 
arresting and transferring the whole velocity of the steam by such peculiar 
iiljet, and ita clear reaction or reissue, and how its full effect might be im- 
paired or wholly neutralised, as just described, I found myself possessed of 
a new method of applying the power of steam by its velocity alone ; and 
this became the germ or principle of my improvements in tiie steam engine ; 
for, to carry it out, I had only to invent such macbinerv aa woald give ma 
this double power in the same direction of motion, wilboat dedoetion for 
the unbalanced pressure in the experimental arm, to counteract the foil 
effect of the whole fbrce of the velocity, and also without loaa of power 
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from another sonroe — that of my back-action or impingement of steam 
against the backs of the cavity next in saccession. The following, there- 
fore, is a description of the engine or apparatus by which I propose to 
dfect these oljects : — 

** It is a section of a case, with awheel fitting within, about half an inch all 
round, and revolving withhi the case. This case, for a high*pres8ure en- 
gine, may be made St cast or sheet-iron, of suitable thickness to resist the 
pressure of the atmosphere caused by a partial vacuum from the rapid 
action of the steam wheel. The whole of the inside should be made per- 
fectly smooth, to prevent friction of the used steam when it re-issues from 
the cavities. For a condensing engine the case must be made strong 
enough to resist the atmospheric pressure. At those parts where the jets 
of steam are admitted, several cavities are made with or attached to the 
inside circumference of the case, for the purpose of receiving the used 
steam, and returning the same into the cavities of the steam wheel ; and 
where a double row of cavities are used round the steam wheel, the rows 
of cavities in the case must be reversed accordingly. These cavities in 
the case must be placed in such a position to the cavities of the steam wheel 
that, on the used steam issuing therefrom and rushing into the cavities of 
the case, it may be returned therefrom into the cavities on the steam wheel 
at the same angle as that at which the steam first issued from the jet-pipes, 
and Uie used steam will then, as the wheel revolves, be thrown out at the 
eduction passage. 

** The periphery of the steam wheel is formed by a series of cavities all 
round of the same dimensions, for the reception of one or more jets of 
steam. The sise of the cavities in the wheel is three quarters of an inch 
deep, by one and a half long, and half an inch wide.** 

The method adopted to determine the best velocity is this : The velocity 
with which steam at 60lbs. pressure above the atmosphere rushes through 
an orifice is known experimentally to be about 104,490 feet per minute. 
The difference between this and the velocity of the periphery of the 
wheel gives the velocity of impact of the steam on the cavities of the 
steam wheel, and the power or pressure exerted on the wheel, being pro- 
portional to the square of the velocity of impact, the power of the engine 
can be calculated for various velocities of Uie wheeL Mr. Pilbrow has 
done this, and finds that ''the greatest results are obtained when the wheel 
revolves at precisely one third of the velocity of the steam, or 34,830 feet 
per minute." 

We have now given sufficiently copious extracts from Mr. Pilbrow's 
specification to explain the principal features of his new engine. In 
practice Mr. Pilbrow has not been able to make his engine succeed, and 
we do not believe that, by the plan proposed, he will be able to make a 
good, durable, and economical engine. He has not yet, at least, proved 
that his engine will realise nearly Uie power he anticipates from it To 
make a few experiments on the rorce of impact of a jet of steam on sur- 
&ces at rest, and from that to theorise on tne mechanical effect of steam 
rushing into and rebounding from cavities in rapid motion ; — to calculate 
the velocity of impact on one surface, and of rebound from another, as if it 
were a solid and perfectly elastic body, whose laws of motion are exactly 
known, is a method of proceeding tha^ can only lead to error, or at least 
can never bring us with certainty to the truth. We agree with Mr. 
Pilbrow, that the whole power of the steam is expended in giving velocity 
to its own particles, and, theoretically speaking, the same power ought to 
be extractible from them. In Mr. Pilbrow's engine, however, we have 
seen that the periphery of the wheel is to move with one third of the 
velocity of the steam, leaving only two thirds of Uie velocity to produce 
mechanical power. Now, Mr. Pilbrow himself says, that the mechanical 
power produced is proportional to the square of the velocity of impact, and 
the square of I is }, or scarcely one-half So that here is fiilly one- 
half <^ the whole mechanical effect dissipated at once: but this is not all; 
for when the steam strikes the periphery of the wheel, with two-thirds of 
its actual velocity, it must, by the laws of elastic bodies, rebound with the 
same velocity from the wheel ; that is, it will rebound with an actual 
velocity of one-third, while the wheel moves in the opposite direction with 
an equal velocity. There is, therefore, this velocity of one-third of its 
original velocity still remaining in the steam, and unextracted after impact 
One-third of the velocity corresponds to one-ninth of the mechanical effect 
This, therefore, is also lost We believe, indeed, that in the later modifi- 
cations of the plan, it has been Mr. Pilbrow*s object to have the steam re- 
flected frx>m the wheel, at a velocity equal to that of the wheePs rotation, so 
that it will, in effect, be brought to a state of rest ; and professor Mosely has 
made a number of calculations to show that there is no loss of power if 
this condition be fulfilled. But the condition implies that the particles of 
steam are perfectly elastic, which is uncertain, and involves the necessity 
of the wheel moving with half the speed of the effluent steam, which is 
impossible in practice. A velocity of one-third of that of the steam, vix. 
34^830 feet per minute, at the periphery is 3,166 revolutions per minute, — a 
velocity sufficient to make the en^ne fly to pieces. Mr. Pilbrow himself 
could not avoid seeing this objection, and accordingly he has attempted to 
prescribe a remedy. He proposes to make the wheel go slower, by which 
means the steam will rebound from its periphery with a correspondingly 
greater velocity, and is to be made to impinppe on a cavity in the case 
similar to those in the wheel From this it will again rebound, and strike 
the wheel, and again be returned to another cavity in the case, and thenoe 



once more impinge on the wheeL These alternate saltations from the 
wheel to the case, and from the case to the wheel, are to be continued till 
the velocity of the steam has been entirely expended in imparting power 
to the wheeL We believe few persons wUl be able to refrain from a smile, 
when they contemplate the steam performing these fimtastic gyrations. 
We suspect that it will be more apt to take one long jump to the exhausting 
port, and make its way off the stage as quickly as possible, instead of stop- 
ping to complete so many ingenious evolutions. It is but justice to Mr. 
Pilbrow to say, that he is very doubtful of the success of this part of his 
plan. His having ventured to propose it at all is a strong proof to us that 
he felt very strongly the force of our objection to the enormous velocity 
proposed to be given to his steam wheel 

Such, then, is a slender specimen of the rotatory engines which have at 
various times been projected for the supercession of the cylinder engine : 
many of them display much ingenuity, and, indeed, on no single subject 
perhaps has so much ingenuity been expended : nevertheless, up to the 
present time, no rotatory engine has been contrived which can be esteemed 
preferable to the common engine. We have already expressed our con- 
viction that this will not be id ways so ; but we believe an efficient rotatory 
engine must be sought rather among dynamical than statical resources. 
Piibrow's engine, though it has weighty fiiults, is a movement in the right 
direction, and an engine on the impulse principle permits the benefit due to 
expansive action to be realised. From engines of the iElopile class a 
beneficial result is hardly to be expected, at least if made in the ordinary 
method ; fbr by such engines there must be a loss of effect if the steam 
leaves the revolving arm with a greater velocity than that with which the 
arm moves, and this, unless by a combination of ^lopiles, it must do at all 
ordinary pressures and speeds. 



AMERICAN ENGINES. 

The endues made in America are for the most part of a very rude and 
primitive description ; yet the performance of the American steam vessela 
is such as to make them fully a match in point of speed to the best steam 
vessels of English construction. Their efficient performance is partly 
perhaps due to the high pressure of steam employed, and partly to the 
peculiarities of American river navigation, which are such as to enable a 
large sized vessel to subsist with a very moderate draft of water. On the 
Mississippi and its tributaries most of the engines employed are of the high 
pressure kind : a hundred pounds upon the square inch is esteemed a 
moderate pressure, and sometimes the pressure is raised as high as a hun- 
dred and fifty pounds on the inch. The engines employed in the vessels 
on the Hudson are for the most part condensing engines. Some of them 
have horizontal or inclined cylinders ; in other cases Uie cylinder is placed 
above the shaft, with side-rods extending frova. the ends of a cylinder cross- 
head to cranks on the shaft beneath; while in a third vanety a beam is 
employed as in the ordinary land rotative engine. Sometimes two engines 
are employed ; but very often only one, the crank being carried over the 
centre by the momentum of the vessel A few sets of engines for steam 
vessels have been made in America after English examples, and some of 
these specimens, which have come under our observation, are highly credit- 
able performances ; but most of the engines made in the country are of the 
quality and complexion of that of the North America. We sulgoin a view 
of the machinery of that vessel ; and we may here set down a few of the 
chief dimensions: — Diameter of cylinder, 43 inches; length of stroke, 11 
ft. ; length of keel 200 ft ; breadth of beam, 25 ft.; diameter of paddle 
wheel, 27 ft. ; length of float, 10 ft. ; dip of float, 27 in. ; pressure of steam, 
50 lbs. 

The fivmng of this engine is of timber: the working-beam consists of a 
cast-iron skeleton fhune trussed with wrought iron ; and the crank and 
connecting-rod are both trussed with malleable iron rods. The beam is 
very short in proportion to the length of the stroke, and the place of the 
parallel motion is supplied by guides, the piston-rod being coupled to the 
beam by a long link, to enable the guides to operate efficiently. The 
several pieces composmg the wooden fiwnework which supports the crank 
shaft are keyed together wiUi wooden keys, and bound with iron knees and 
plates of iron, to make the whole stiff and firm. The valves are double 
spindle valves, so that they are kept in equilibrium : this valve has the 
disadvantage that the valve-spindle expands more than the valve-casing, 
both firom its higher temperature and the greater expansibility of the 
metal. Such valves, therefore, though tight when cold, will not be tight 
when hot The cut off or expansion valve consists of a disc turning on a 
centre, like the throttle valve, and set in the steam-pipe, which it ex- 
actly fills when closed : in the rest of the engine there is little that is pecu- 
liar. The trussed beam might, it appears to us, be adopted with advantage 
in all large beam engmes in this country, as it is not merely lighter than 
the east-iron beams commonly used, but stronger and more rafe. The 
trussing of the crank and connecting-rod we look upon as superfluous; and 
it must be difficult when they are trussed to keep those parts clean. 

In many of the American steamers the engines and boilers are placed 
upon the deck, and beneath the deck a saloon extends the whole length of 
the vessel, for the accommodation of passengers. Most of these saloons 
are magnificently fltted up: many of them are upwards of 150ft. long, 20 ft 
wide, and 12 ft. high ; and the accommodations are in every respect most 
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ttrucied of wood, «th tbe exception of the centres, 
bolted, and which Are of cast-iron. The D*aal number of itrok«i per j 
minate, with an 11 ft. nroke, ii fhim S5 lo 97, u that the piiton traTeli at ' 
ft eraat Tcloelt;. In the veueli on th« Hiuiuippi the piddlei are made 
wiu a dnti^ or fnetion-ttnp, 10 that ihejinaybe thrown ont of gear, and 
' let maj be turned m> aa to feed the bmlen when the icuel i« 
a wharf, without moriDS the paddle-wheels. The steam leisels 
plfiiig on the HiMiisIppi are chiefly built at Pittsburg and Cincinnati: 
tHM vessels are tunoh inferior to those pif in^ from New Yoric to Albau;, 
and to Providence ; and thej are managed la tbe most reckless manner. 
Ur. Steveoson, speaking of one of these vessels, says, " She was steered 
close in-shore amongst slonea snd stomps of trees, where she lay for some 
hours to take in goods : the additional weight increased her drangbt of 
water, and caused her to heel a good deali and when her engine* were pvt 
la modon, she actually emvlei bio deep water oo her paddle-wheel* : the 
steam had been got np to an enormous premre, to enable her to get o^ 
and the volume of steam discharged from the escapement-pipe at ever]' 
half stroke of the piston made ■ sharp aoimd, almost like the discbarge of 
flre-arms, while every timber in the veSKl teemed to tremble." The 
numerous explosions of boilers on the Mississippi cannot excite astonish- 
ment amid Inch piovocatioiu as that here narrated. The boilers are not 
ealcniated to withstand any very high pretsore, even when new. Of the 
best fcrm rf American boiler we have given an example in page 56 1 snoh 
a boiler would not be considered safe in this country with a greater pres- 
sure than 10 or IS lb*, on the inch. 



The whole of the engines we have yet described at any length are con- 
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reduced again to the ibrm of water. The locomotive engine, however, is 
not of tbe condensing, but of (be high pressnre kind, the steam escaping, 
after having given modon to the piston, into the atmosphere. We have 
already explained that there is a loss of effect incidental lo tiie use of the 
high pressnre engine, hnt it would be most inconvenient to carry the large 
qnantin of water a locomotive would require for condensation, and tbe 
rash of waste steam acts beneScially by blowing the fire ) so that in this 
ease to obviate tbe loss of effect incidental to the omission of condensation 
would involve the introduction of greater evils. 

The locomotive engine of Messrs. Bury, Cnrtis, and Kennedy is a very 
complete and elegant piece of mechanismi and we may here give an ei- 
^analion of tbe several pBrts of tbe merchandise engine of these eminent 
makers, which is represented in detail in FUte £3. Fg, 1. is a sections] 
elevation ; Jig. 2. is a sectional plan, xx being tbe principal line of section 
on which ^. 1. is shown j Jig. 3. is a transverse section through the imoke- 
box. The same letters of reference are nsed thronghoat aD tbe flgore* ; 
and to render them more explicit, several parts are shown which do not 
properly come into view on the tines of section. A is tbe flre-box : it is 
made of wrought iron |of an inch thick, except the tube-plate, which ii 
half an inch thick. The joints are welded wherever they are in contact 
with the burning ftoel, aa a rivetted joint, trtjm its presenting a double 
thickness of metal, will not long resist the intense heat to which it is ex- 
pOKd. Tbe flre-boi is of a cylindrical form, with its back flattened lo 
receive tbe ends of the tabes ; the top is bemispherical. surmounted by a 
small dome, into wbich the upper end of the steam-pipe is carried, lo ob- 
viate priming. B are the fire-tubes, of which there sre 96, 3 in. diameter, 
and 9 A. long. It will be seen, troa the trsnsverse section, that the tubes 
are so disposed as lo concentrate the heat towards their centre, with the 
view of making a current fVom the outside of the tabes, where tbe water 
is colder, towards the bottom of tbe tubes, whence it will rise wbeu heated 
np among the tubes. Partly for this reason, and also 10 prevent the lubes 
firiom being uncovered by the centrifugal recession of tbe water when the 
eogine is travelling upon sharp curves, the upper row of tubes follows a 
Areolar sweep, the highest pmnt being in the centre of tbe engine. 

C. Is the smoke-box. D. The reguhUor. E. Tbe steam-pipe, SJ inches 
diameter. F. Tbe safety-valve and spring pressure-gauge, 2) inches 
diameter. G. The locked-up safety-valie, i{ inches diameter. H. The 
damper. L The buffer-bar. J. The steam-whistle. L. The steam -cylinders, 
13 inches diameter, IS inches stroke. M. The force-pumps, plunger 3 
inches diameter, 1g inches stroke. N. Tbe cranked axle ; tlie journals 
are 9 inches diameter, and 7 inches long : the bearing of each crank is 
SI inches diameter and 3| inches long. O. The connecting-rods, oval- 
shaped, a incbvs by 2^ P. The axle of tbe ttoat wheels, i^ inches dia- 
meter. Q. The springs. The springs for the cranked axle are composed 
of 16 plates, together 4) inches deep at the centre; those for the front axle 
are composed of lo plates, together 3} inches deep at the centre, an. are tbe 
steam-pistons of gnn-melal : tbe packing consists of two rings of cast- 
iron segments, forced outwards by brass wedges and steel springs. The 
piston-rods are 2 inches diameter, bb. are the inlet passages for the steam, 
I{ >c ei inches, e. The outiet passages for the steam, 1[ x 6^ inches, d. 
The slide valves, tf. The slide-valve rods, 1 inch diameter, e. The pen- 



dnlum-rodstbrcarryingtbeendioftheecoentriorods,^ The shaft to which 
the eccentric levers are fixed, a. Tbe shaft conaecting the motion of the 
lever h, and the rod i, to tbe shaft. K The guides for the pislon-roda. 
i. Steadying pieces for the guides, j. Shaft canning the steadying pieces. 
k L The rods for moving the slide-valves, i* t. The levers of tbe hand- 
gear, m. The shaft carrying (he valve trappings, a. The lever for 
working tbe valve*. ■'. The lever worked by the eccentrics, p. The 
eccentnes for the retrograde motioiL q. The ecoentrica for the advancing 
modon. r. The pipes (2 inches diameter) connecting the force-pumps 
with the tender, i. The cock for letting tbe water out of tbe boilers. 
I. Tbe rods (I| inch diameter) for coupling together the fWint wheels and 
the driving-wheels, k is a lead plug, placed at tbe culminant point of the 
dome-shaped top, and which will mdt before any other part of the flre-box 

Tbe framing of this engine is that which has been so long used by 
Messrs. Bury, and which is known as the inside ftvming. Mr. Bury claims 
for tbe inside naming a great superiority over tbe outside, on tbe gnxmd 
that it forms a stronger counection tietween the cylinder, crank aile, and 
other moving parts, snd bears all strains and coucuttions without throwing 
any of them upon the boiler. The following is Mr. Bnry's comparison be- 
tween tbe inside and outude framings : — 

" Tbe advantages of tbe inside braring are best described by comparing 
it with the ordinary ontside ft«ming wben submitted to tbe principal strains 
which it has to resist Tbe moat important is that caused by the whole 
power of the engine acting a« a direct strain upon tbe crank as it passes 
over either centre. With tbe inside framing, ttie centre line of the con- 
necting rod is only 1 inches distant from tbe centre line of the Arame, 
and the total distance between the bearings is 43^ inches ; but when the 
framing is outside the wheels, these dimensions are necessarily SO inches 
and 72 inches respectively, and the effect of the ttnin upon the crank in 
this case would be to its effect with the inside framing as H is to 8. For 
this reason, when the principal Ihune It placed ontside the wheels, it be- 
comes necessary to have an additional inside fkaming, to prevent the fric- 
tion of the axJe ; these additional inside frames not oiUy canse an increase 
of friction on the bearings of the cranked axle, but also throw a consider- 
able strain on the boiler, which then becomes the medinm of connection be- 
tween the inside and outside frames, the inside frames being flxed at one 
end to the bottom of the smoke-box, snd at the other end to tbe fire-box ; 
while the principal ft-ame is attached by long brackets to the body of the 
boiler. The &ct that the use of four additional inside flrames occasions six 
bearings on tbe axle (that axle being only 8 feet long), renders the system 
of principal outside framings so objectionable, thst that circumstance alone 
should suffice lo cause their rejection ; for it is well known to practical men 
that it is impossible lo key so many bearings perfectiy true, and to maintain 
them ao, when the engine is working ; and even if this precision were at- 
tained, tbe aggregate friction on the four inside and tbe two outside bear- 
ings would be much greater tban when it is all thrown upon two bearingsi 
because, in the first place, alt the friction due lo tbe weight of the boiler is 
home by the two outside bearings alone, and that which results from the 
pressure of tbe steam, through tbe medium of the connecting-rod. is thrown 
upon the fbur inside bearings : the pressnre upon the outside bearings is 
vertical, and the mean pressure upon the inside bearings is nearly honion. 
taL So that if, instead of acting separately, these two smonnla of pressure 
were thrown on the same hearings, tbe friction would only be due to the 
resultant of tbe pressures, and would consequently be much reduced. The 
friction on the cranked axle, having only two bluings, as, where a single 
inside frame is used, will be, under ordinary circumstances, that due to the 
retultant of the vertical and horizontal pressures, or. 
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In addition to the friction resulting from these fnrcea, there is a consider- 
able pressnre on tbe bearings, arising from tbe tightness of the brasses ; 
and it is evident that the friction arising from this canse will be three times 
greater with six tban with two bearings. Another important feature is the 
strun to which locomotive engines are liable, from the pressing or striking 
of the flanges of the wheels against tbe rail wben traveliiog in a curve. In 
engines with the bearing inside tbe wheels, the weight of the boiler has a 
tendencj to bend the axle down in tbe centre i while the pressure of the 
flange against the rail acts upon it in a contrary direction, and thos one 
strain counteracts tbe effect of the other. If the bearing is outside the 
wheel, the weight of the boiler tends to bend the axle upwards, and a Strain 
upon the flange of the wheel acts in the same direction, and in addition 

The position of (he bearings inside the wheels is of great practical ad- 
vantage in case of (he fracture of the cranked axle, as the weight on ihe 
bearings presses the flange of the wheel against the rail, and assisis tbe 
length of the journal in keeping it from being thrown off [he rail. Instances 
have occurred on Ihe London and Birmingham Railway, when an axle has 
broken, that not only have the wheels remained on the rwls, but (he driver 
has been enabled to proceed with the train to the nearest station. Tbe 
stiffness of (be single inside flaming is not only a remedy against the ex- 
cessive wear and tear which is consequent on a less perfect union between 
(be parts of tbe engine, but its simplicity allows the whole machinery to be 
arranged in a more compact form, and constructed with greater solidity. 
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io the riog would be exictly connterbalaDced by comspoading ellipticitj 
ia the c;1mder ; and not only to, bnt the next rings tbat hippened to be 
pat in vonld fit with at great trntb at the mo« hur-brewlth iyM«m of 
compeiuBtion could pouiblj effect, >uie« the alleged onequat eiptuuion of 
the ring wonld then correapond euctly with the ibkpe to which the cylin- 
der hs> by that time worn. 

It ii abnnduitly obTioui, howcTer, that the effect npon the cylinder of 
the unequal expantion might be alto^her neotralited (were it accertaioed 
to haie any proper eiiitence), by namg two ring* instead of one, the po- 
tition of toe joints being 90° apart. It ii not tmeommon to have the ring* 
placed with the jcunu on opposite sides of the cylinder, or ISO" apart : an 
arrangemeDt only useful to prevent the paMAge of the steam through the 
liogle break (an object which might be easier attuned in another waj'), 
and incapable of exerting a correcting influeoce on the aboie-aamed ui- 
equalitf. 

Under the third modiGeation of this description of packing, we class 
pistons in which each ring is Mill in one piece, but in which some of the 
ftbove modes of compeusatioD are bad recourse to. The common method 
is, simply to turn the ring about one third thinner toward the part where 
the joinmg is made ; two rings are commonly used, the position of the 
joints being at above described, and JDilead M the rings being turned of 
greater than the required diameter, and tben sprung in, the requisite elas- 
ticity is giyen by hammering the thicker semicircumference on the hollow 
side. Cn course, the tame method may be taken with rings of ouifonn 
thickness, and to derive the full effect of the hammering, it might be well 
to retain the on^nal skin of the casting on the inside of the ring. The 
advantage of giving the requisite elasticity by hammering rather than bj 
compressing the ring, lies in ifae more perfect circularity ensured by the 
former ; bat were the precaution taken to turn up the compressed riugs in 
the lathe, this differeoce would no looger have place ; and this is now ge- 
nerally done in addition to the hammering. 

This arrangemeiit has been generally found to work very well ; but per- 
haps not better than the preceding more simple variety, when the work- 
manship of both is equally correct ; and to deficiency in this particular, we 
apprebeod, most be ascribed an; diiadvanlage which the latter, as some- 
times constructed, hare been found to labour under. Numberieu methods 
have been taken to prevent the escape of the steam by the open end Joints 
which this species of ring exposes ; ftequenlly hemp packing is put behind 
the rings ; sometimes they are merely cut without any ftirther provision ; 
and sometimes the evil it left in its full magnitude, without tsy attempt at 
a remedy g but by for the best plan, ondoubtedly, is to rivet a piece of 
brass or iron, previously fitted to the proper curvature, to the iniide of the 
ring on one side of the break, so that it ihsU apply correctly to the other 
side, and slide along iteam-ttghl at the ring expands by wearing. Inatten- 
tion to this simple precaution has been the occasion of great inconvenience, 
and has even led to the substitution of a much more expensive, though not 
in reality much more efficient lyttem. 

Deferring our remarks on some important modifications of this construc- 
tion till we come to consider the pistons in detail, we proceed to cooodtf the 
second principal division of our sut^ect, comprising many subvarieties : we 
mean, that class of pistons where axtificial springs are used, acting in most 
cases by the intervention of blocks or wedges. The most common coo- 
stmctiou is as follows: — Two strong cast-iron rings, of such dimensions 
as to have no perceptible elasticity themselyes (say from Ij in. to 2l in. 
square in the crow-section), are cut, each into Wu three to eix or eight 
segmeats, according to the siie of cylinder, or other regulating circum- 
stance, placed the one above the other, so as to break bond at each joint, 
and at etch break part of the ring it cut away to admit the introduction of 
a wedge nsually of the angle of 90°, the point of which may be j in. ftom 
the tur&ce of cylinder : a common elliptical spring is then inlrodnced be- 
tween the body of the piston and the back of the wedge. Sometimes, in- 
stead of a wedge, a aimple block is used, or the ipring presses immediately 
upon the back of the ring. 

In the original tbrm of this piston, as coDStnicted by Barton, the points 
of the wedge came tn contact with the cylinder, being situated in the peri- 
phery of &e piston, and, in order to prevent their iiijuriani action in 
grooving the cylinder, it was proposed to make them of softer metal j and, 
we believe, it it to Tredgold that we are indebted for the tuggettion of the 
above-described greatly improved modification. In this description of 
piston, the mode i^ action of the wedge* is what seems principally to re- 
quire invetiigatioD. When the points of the wedges are not in contact 
with the cylinder, the mode of action is sufflciently obvious ) the interven- 
tion of the wedge serving simply to multiply the energy of the springs on 
the principle of the wedge, as a simple mechanical power. Of course, the 
more acute the angle of the wedge, the greater force is imparted to the 
springs, on the principle of virtual velocities ; and were the segments only 
required to expand indefinitely, instead of expanding and contracting by 
tarns, to suit the inequalities in the cylinder, then a very acate wedge 
might be used : but at the wedge must be ready to spring back, to allow 
the packing to yieldwheo it comes to a tight part of the cylinder, as at the 
top and bottom of the stroke, it is plain that the inclination must be con- 
siderably greater than the angle of repose; it is seldom, however, made 
less than S0° or 90°. but we believe a considerably sharper angle would be 
found to answer. Connderingnow.for a moment, the case in which the points 
of the wedge* coine in contact with the ^linder, it might leem, at firit 
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sight, that they would exert nopressare at all npon the adjacent tegmenta; 
and such would be the case, were it poatibie for them to wear no fitter 
than the rings themsoivei ; a little consideration, however, will show that 
this can never be the case, as the wear npon the wedge matt be to that of 
the ring, in the proportion of the side to half the base of the wedge ; that it, 
in the case of a right-angled wedge, as the diagonal to one of the aides of ' 
a square : were the wedge and cylinder then to be made of the same ma- 
terial, the wear of the cylinder opposite the wedge would exceed that of 
the rest of its surbcc, in the above proportion, or probably in a somewhat 
higher ratio, arising from the different grain of the metal compotmg the 
wedge. The wedges however are almost always made of gun metal, which 
serves in a great measure to neutralise what would be otherwise the iqjn- 
rious tendency of this arrangement. 

With these preliminary remarks, we now proceed to consider, ia detail, 
several of the varieties of piston that have come most pronunentJy imder 
our notice, the better able to decide upon their respective merits from the 
general principles we have laid down. 

Fig. a07. represents two views of the locomotive piston made by Messrs. 
Forrester and Co., Liverpool, tbr the Grand Junction Bmlway. The pe- 
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culiarity of construction and mode of aclioi 
parent from inspecting the drawing. By fltting'a 
tongue piece, or tenon, into a corresponding mor- 
tice, in both wedge and ring, it it intended to 
prevent the passage of steam at the breaks of the 
segment, instead of the common method of using 
two rings, each of half the thickness, with the 
joinings ot the one ring placed midway between 
ihote of the other. We believe this constmctlon 
has been ibund to answer perfbcUy ; but this is 
not paying it ■ dittinguishmg compliment, h we 
tball soon see that the tame may be said of cer- 
tain other descriptions, about which there is not 
above one fourth of the workmanship here dis- 
played. In tiut, display is the very idea which 
this piston suggests ; the elegance of the demgo, f 
the slenderaeta of the working parts, and the I 
extreme accuracy of workmanuiip, necessary to t 
it* action — and which the Messrs. Forreiter a 
never known to spare — rather serve to point 
it out as a pretty engineering toy (not without its t, 
(hare of nseAiIness, at the same time) than as a 
plan likely to be either extensively adopted or 
generally approved of. In the first place, there cai 
prevention of leakage b^ the joints would be at least as effectually accom- 
plished by having two ringt arranged at above described ; a meUiod that 
will generally be found, in the hands of common workmen, to be of much 
easier execution ; very great nicely being required in the fitting of the 
sliding pieces into the morticea, and the slightest imperfection at firtt 
having a tendency to wear worse from the constant patsage of the steam. 
Again, as the sliding pieces must move forward fsster than the legmenu " 
(when the wear commencet) in the proportion of the diagonal to the side 
of a square, as can easily be demonstrated, it follows, that the pieces them- 
selves, and consequently the part of the cylinder corresponding, must wear 
fatter too ; and thus is the cylinder liable to be worn unequally. The ex- 
treme slenderness of the springs, and the iligbl pressure which they ai« 
generally required to exert, may indeed, for the moat part, prevent this in- 
equality from being readily perceptible ; but it is evident tliat the action it 
in tome measure similar to that of a fiat-pointed wedge pressed forward by 
a epring, and itself in contact with the cylinder. 

We sliall further find, on comparing this piston with more simple varie- 
ties, that it is unnecessary to divide the ring into ao many aegmenla. Such 
a complete aystem of adjustment and compensation might have been very 
beneficially employed during the nonage of steam cylinders ; hut is proved 
to he superfloous in the present state of machinery, by the &ct that a 
ring cut in a single place is found to give perfect satis&cUon. 

Fig. BOS. represents plan and section of a piston -. 

manufactured for common and locomotive en- '^' 

gines, by Messrs. Dircks and Nelson, late of 
the Etna Fonndry, Liverpool, differing from the 
above, in having only one wedge and break in 
the ring instead of four. The set screw, on the 
side farthest from the wedge, might be omitted ; 
the two side screws serve ia some measure to 
compensate for the sluggish action of the right- 
angled wedge, which seema rather to prest the 
ring against the cylinder at the point immediately 
adjacent than to foree it open, and thua make it 
bear equally all round. A more acute wedge 
would prooagate the pressure of the spring more 
readily throughout the entire circumference. A 
circular spring, like that uaed here, while it pos- 
sesses several conveniences, is yet less delicate 
and perfect in lie action than the common ellip- 
tical kindi and perhaps, too, less easily re-set or i 
re-tempered. 
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VnTjimilartocbe&ntTuietyiatlutiboirniey^.SW. We doubt whe- 
ther the alight anperiority id point of umplidt; gained by doing iwi; with 
the BdjoidDg icrevB, uid mbstituting ■ liagle ipiiag hoop, be not mare 
tbMD connlerbiiuieed b; lea perfect iction. A method ictermeditle be- 
tween the two lut it ipmetimei adopted ; the packing riog a cat. and a 
tlidtng piece and wedge employed in two oppoiite place*, and a circolar 
ipring, with let tcrewa, acta opon each. 



Fig. 809. 



Fig. 210. 





1^ 



Fig. ai 0. reprsMnti a plan of the fiWon *o extenuTclj known u Edward 
Bnry*! loeomotiTe pitlon. The dinmctiTe feature in H i*, that each spring 
•eu opon one wedge in the upper ring, and another in the lower, the centre 
of the spring, contrary to oommon n«ige, being made the - point d'appni," 
from the bod; of the piilon. Thitnnetjufree from iomeof thedefecU 
of Ponetter'a, and when managed with care ii bond to work with grot 
tmlh and accnrncj. FirR eon of workmanehip, imnecesury complication. 



rncT. F 
ability b 



coDsideraUe liability to derangement, are accom[aimng qnaliiici wbich 
will be foand to act more or Ini a* drawbacki in di&rent dicomMancea, 
and whiob by (ome may rather be deemed matter* of financial than of 
mincering Kienoe. Among the great Tariety nsed on the Glonceeter and 
IBrmip ^uun Railway, thii deacriptioa has been foimd to give the gieateet 
aatis&etion, while on lome of the other lioea they are in the eonne of 
being loperteded by simple fcrm», which are aaid to be every way pre&r- 
able. The peculiar contour of the iprinp iavolving, ai it does, the difB- 
cultyof replacing them elsewhere than where they were flm mann&o- 
tnred, ii a point ftlmort too inw^iflcant to be noticed, bat which, we doubt 
not, has tended to bring them into disrepute on some of the lines of rail- 
wa; above alluded Co. 

Fig.2\i. represenisapiMon that has been much used by Messrs. Stephen- 
son : it consists of three concentric rings, the two outer being rebated and 
morticed upon their edges, and together filling up the space between the 
flanges of the piston. The inner ring is equal in depth to the two outside 
rings. When the rin^ are tnrned to fit the cylinder and each other, they 
are hammered on the mside, to give them a tendency to spring outwards, 
and are then cut through, to allow them to expand. The divisions of the 
rings are placed so as to break joint. To provide tor the wear of the out- 
aide rings, springs are placed at the back, which can be tightened up by 
means of screws bearing npon the centre part of the springs. 



Fig. 31 




Fig. !1S. 
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mult, however, confte, that in urging this paitieiilar we fbtm ot 
on theoretical, we had almost said, conjec- 
tural grounds, M we hate never met with 
a more acute angle in a piston than from B0° 
to 90°. The [ustons oa the Liverpool and 
Hanchester Railway are generally braaa. 
This is an advantage ia horiiontM or i~ 
cliued cylinders, as the softness of the m 
terial, and the greater lightness of the (us- i 
ton, considerably redaee the wear of the 
cylinder. Brass pistons have been, on this 
acscount, much used for locomotive engines; 
one drawback, however, to their employ- 
ment, is, the inferior elasticity of the metlU, 
which renders the employment of artificial 
ipriugs necessary. 

Fig. S13. represents the packing-rings of 
Stephenson's locomotive piston, as we have 
•een them used on the Great Western Sail- | 
way. The peculiarity of this piston a 
in die two rings being grooved and longned 

common flooring deals as we have already '' 
mentianed. In the published description ot 
this locomotive we an told that tbia it in- 
tended to " keep them steady," — an end 
that should, we think, be sufficiently ac- 
complished by their being enclosed within 
the cylinder. 

Fig. 2M. represents the plan of a piston 
used on the South- Western Railway, bearing 
a considerable resemblance to what we have 
seen on the Liverpool and Manchester lin& | 
It Is superior in simplicity, and at least 
equal in efficiency, to several of those we 
have fignred. A modificatioa of this kind 
is uaed with success upon the Boncorn 
Gap Railway, with this difference, that, op- 
posite the sel-screw, the ring is made per- 
fectly flat for about the fourth of the cir- 
comRrenee. The engines made by Sharp 
and Bobertt for the French Railways are 
likewise fitted according to this modificft- 




Fig. SI6. 



Fig.3l5. repreaents the piston adopted on the Glasgow and Ayr Railway. 
where it has superseded the more complex varielie*. It is free from all or 
most of the defects we have pointed out, and haa given much satis&ction in 
ptactiee. The position of the ^ing^ in being placed with the breaks, 90* 
apart instead of 190°, is one of those trivial but judicions arrangement* 
which often determines the character of a mechanical contrivance. 

Fig. 216. Is a plan and section of piston similar 
to that used for the American or Bogie engine, 
manujlictured far the Gloucester and Birming' 
Railway, by Messrs. Noamyth. Gaskell, and C 
two packing-rings, Jin. x IJin., each in three 
segments, pressed out by three elliptical sidings l 
with set screws, through the medium of an inner 
ring equal in depth to the two, and cut in three l 
places. Hr. Natmyih has constructed many of hii 
locomotive pistons with spiral steel springs in- 
stead of the usual elliptical kind: they were found 
veiT liable to break, however, and are now almoet 
entirely disused. We have seen hollow packing- 
rings consfrncted by Mr. Naamyih, with the olfject, I 
we presume, of obtaining a broad steam-tight F 
bearing without increased weight. I 

These thcD are the principal specimens of loco- ' 
motive pistons we have to give : we shall next 
describe some of the moat approved pistons for 
mariae engines, all of which are ai '- ■ ■ 

land engines. 
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f!u. SI T. npreWBti • ntic^ of packing DUflQ&ctared by Mom. Hulon 

■ndOx, L«itli, »a«pted far mH ' — '^~ '■ *• '- 

naAj nven bj tb«H nuken 

iiHina thM rinn Id a ilantms miti - i -i- 

» urenl KgrneaU ) sod, u onl; 
k lingle ring it nwd, m uuung picca ii eMeked in rai ona ude, to bre^ 
iKHid, and prereol tlie pataage of Ihe ateam lluon^h the opening. 
•hovnintheSgnrewoolilbeiinpTOTed by the anbatitntion of a tinj 



■nd &k, Laitk, adapted far marine wt^na. The ipecimea ve hare al- 
~ «Ten bj tbeae makeia haa an unproremeDl iDtrodnced or patented 
■f yean ago bj Mr. H'Dowall, of Johniton, near Paisle;, which con- 
in entting the rlogi in a ilaoting inatead of a perpeadlcnlar direction. 



That 

iea^nrewonldbeiinpTOTed by the anbatitntion of a tingle ring 

ofanffloientdepth,ii>i«e»doftwo!and,byeni^ojinf aeliding; 

the joining, thna Tendering the hempen packing i 



^._. . . _ . The other 

fbnna ci~^'ining ahovn uTthe above fignrea are poaaeaaed of no ptftieular 
inlereat, being aomewhat diAcnlt in ezecotion, withont eorreaponding ad- 
Tanlage, 

Fig. 217. Fig- ai8. 





Fig. 318. repreaantl Jeawp'l i[Mial melallic packing, u made (ereral 
jeara ego by the late Menra. Claod Girdwood, and Co, for two amaU Bnb- 
aidiarj enguiea for the " Don Juan" rteamer. On conaidering Ihe action of 
the spiral coili, when the ring ia compreaaed into a leaser diameter, it wiU 
be found that the teniioQ of the ipringa ia a minimum at ihe centre of the 
coil i while it increaaea tow»rd« each extremity in the ratio of half the nmnber 
of coila to nnity. Thia packing ia but little uaed. 
Fig.i\ 



Fig.i\9. 




! 19. repreaents an arrangement Oiat waa 
ezleuiivety adopted b; Mesan. Claud Girdwood 
«nd Co The pacing conaiata of four ring^ 
ttotD \ to 1) iqnare, Mcording to the site of 
the cylinder, which may vary from 6 to SO 
mchei m diameter. In piilons of the latter 
dimenaions the ringa eu^ lumed fully twoinchea 
more m duuneter, and oftervarda cut in one 
place, and bent to the proper circle in a mould 
prepuvd for the puipoae — the ends being half 
checked m auch a way aa to be steam-tight 
witiioot the neccaairt of using packing behind, 
which however, ia frequently added. In order 
to bring the cylindrical aorfkce of the ringt 
sooner to an exact bearing, a groore ia toined 
ont at ihe outer circumference of each; thia 
may help besides, to keep the piston tight, by 
affording a lodgment for oil and Callow, and 
may in certain circnmatancea be of coniiderable 
nsc In one instance within our knowledge 
this kind of piston has been at work, with oc- 
wDaDiRDco. casional interruption, bat little or no repair, 

for a period of ten year*. 
Fig. S!D. represents plan and section of piston both for marine and land, 
manofactured t^ the Heaara. Maxton, of Leilh. Ttiia may be regarded aa 
a favourable, and at the aame time, chanieteriatic specimen of the moat 
generally approved and widely adopted variety of packing in which sepa- 
rate springa are employed. The ease with which the springl may be bent 
and react to the proper compaaa preventa set screws from being required : 
the only seriondy objection^le pcdnt seems to be the expense of fitting 
and grinding steam-tight the tan wedges required. Wiile, however, we may 
admire the eapalullty of perfect adaptation to the form of the cylinder, 
which thia piaton pre*enu,wemnatexpreaB our decided opinion, that a suffi- 
eienl. if not, practically sptaiking, an equal degree of correspondence might be 
attained at a fraction of the expense. This, however, supposes the case of a 
new and perfect cylinder; but where that haa been previously worn un- 
equally by hempen packing, aa is frequently the case, then this modifica- 
tion pnasrsnfl decided advantages, and haa. we believe, been repeatedly 
wplied by the Heaart. Maiton in these circumstances, with great success. 
The use of wronght-irou nuu. fitted into the body of the pinon to receive 
the junk ring acrewa, instead of tapping them into the cast iron, ia a very 
obrions improvement, though not {>ecultar to Menara. Mailon. 
Fig. 331. repraaenta a form of marine piaton at one time mannbetured 




largely hj Ucmts. Fawcett and Preaton. It bears a conridersble reaem- 
hlance to Forreater'a loconmtive piston, aharing both in its merita and in de- 
fects. To enter into a detailed analyaia of it would be anperfloona, after 
having considered so mnch at length the general prindplet by which onr 
judgment haa been regulated. 

Fig. 2il. 




Fig. 233. is the form of piston adopted by Hr. Robert Napier in many of 
hii vessels, being similar to that used in the Hali^ line of packets. The 
peculiar shape of the blocks agaiust which the springs press, instead of the 
usual V wedge, is one point of identity between this and that given in our 
plates of details of a marine engine, 

Fig.ii3. represents the form of piston at preaent constructed by Mr. Ro- 
bert Napier. Two rlnga, about 3)iii. square (cylinder being 6Sin. dia- 
meter), divided into two aegmenta, the lengtha of which may be in the 
proportion of 1 to 5, each ring being pressed ont with a cumlier of springs, 
generally made very sliff^ and of little compaaa : the rings, in conseqtience, 
wear so rapidly, that we have linown them to require to be eked with a 
considerable thicknesa of copper at the ends. We do not know the olject 
of dividing the segments in the above proportion, unless it be to take oat 
the ring* without t^ing off the cross-head : in other respects a single break 
would be quite as efficient. The distinguishing feature of this piaton lies 
in the cut on the outer circnrpference of the ringa being made at a con- 
siderable angle with the perpendicular, white that on the inner ude ia 
vertical; an arrangement that we do not recollect to have met with before. 
The peculiar form of spring ahown here, in an enlarged view, it, ao ftr 
M we have obaerved, adopted almoat exclusively by Hi. Napier. 
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Somrd. Oidjone F^ck^V-rinc U luad, aboot S|b. k llm.t i 
from a larger diameter, or hammered intenally ao w to hare ooa 
elaadd^. Tluiriiigiaent inonljone place, and a iMece,Biii.<ir9in. in 
length, half the thicknen, and aboot oDe-third the depth oT the nnc, ia 
checked in on the npper aide, in order to break bond, and u the back of 
tbejomt a block is placed, Bcreved to the one end of the ring and knae at 
the other, ao ai to prerent the steam from paMing through the cut. In 
additioi to the elaaticitjr of the ring, it u premed out by aii eUiptical 
apringa. Thii ii, on the whole, one of the beat marine pittoiii we hava 
met with. The ring, howerer, in wearing, derangea the Joint between the 
ring and the cmaU legment-pieoe. The Jwnt openi at each end, ■> that 
the only contact cornea to be at the eamral point, which ia a defect. 



rig-ns. 




SnlelbKhsiaiM. 

Fif. SS9. ahow* phn and aection of the piatoo of Oie ' Don Jnan^" « 
nea (blinder CSio. diai - - "■ • 

entii the leaMT htmg o 
jCHidng^ and Miff elli^cal qdngt. 

Fit.»at. 



employed by Heaara. HUler, Baren- 

ill liie, meaaoring to the point of the 

t out to allow tke eoda to acme toge- 

pieee with Ae ring. The nulleahla 

Inn bridle ia Ibr Ae pmpoae of e»p«nrling er oo ntia c li ng tha ri^ wbkh 

' gtaacsttvat the one and of Ae bndle or Aa other, 

1 ou a tw e>ai ot erpandeJ. One and of tlw bridle la 

In a bol^ whiA alMM in an obloeg kole in Oe bai^i 

eBMw ba'dmcn betwaen As bridle and one end of iha piece 

_ .. . . . . .!_ I.: — j._ -'-ig^riU be in-paMirf — •- - 

ic dmn tegamar. 



ii effected by di 
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Fig. 227. 
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Scale I inchal foot 
piCTON ov wnr india mail anAinia thauis and mbowat, bt maudslat, aoNB, and fiild. 

Fig. 227. represents the inarme*engme piston of Messrs. Maadslaj and 
Field. Here the tongae-piece is not cast in one with the ring, but is pat in 
with pins; and the slot is on the incline, to prevent a rut in the cylinder. 
The tongue-pieces, of this and the preceding yariety, are of course ground 
in, a piece being ground on the back to prevent the steam from passing. This 
species of piston ring is probably among the best yet introduced in practice; 
yet, in the West India mail steam vessels, it was found that the pistons 
were not tight until springs had been introduced to press out the rings. 
The elasticity of these rings must therefore be reckon^ insufficient ; and 
it is a very common fault of metallic pistons that the springs are made too 
weak. We have often known them to be too weak, but never in any one 
instance knew them to be too strong. * 

Fig, 228. 




Scale I inchMl foot. 

BBn>LB torn. MAUDSLAT AND CO *• PlgTOir TAI/TI. 

Fig. 228. represents the piston used for Messrs. Maudslay*s cylindrical 
slide-valves. By raising or lowering the screw, it will be evident that the 
rings are compressed or expanded. A flat place is of course cast in the 
body of the piston to leave room for the bridle. 

The pistons of Messrs. Scott and Sinclair consist of a number of seg- 
ments pressed out by V blocks acted on by a continuous ring spring. 
Messrs. Caird*s are similar, but the blocks are fiat, and the springs are 
separate, as ma^ be seen in the plates of the details of the Clyde, Tweed, 
Tay, and Teviot steamers. Messrs. Blythe*s consist of two eccentric 
rings, one above the other, without springs or packing. Messrs. Fairbaim 
and Co. have made several with a double tier of eccentric rings, having 
eccentric rings again within these, so that the interior of the inner ring 
is concentric with the exterior of the outer. The space behind the inner 
rings is also packed with hemp. This variety of piston is troublesome to 
keep in good repair. 

In the pistons of oscillating engines, it is necessary to take precautions 
against any compression of the packing-ring by the weight of the piston 
during the inclination of the cylinder. The method pursued by Messrs. 
Penn is to pack the space between the metallic ring and the piston with 
hemp. It might be a good way to force out the ring by means of a V 
block placed on one side of the piston, in the line of the trunnion, a steady 
pin being inserted in the piston on the opposite side, with a corresponding 
oblong hole in the packing-ring, so as to prevent the packing-ring from 
turning round at the same time that it was permitted to expand. Messrs. 
Penn make use of a single ring and tongue piece with the block behind 
recessed, so as not to interfere with the hemp packing. The upper side of 
the ring, too, is sharpened off to an edge. 

VALVES. 

We now come to the subject of valves, and here we have nearly as great 
variety as under the head of pistons. The function of a valve is to open or 
close a passage, and all the varieties are divisible into the genera of lifting 
and sliding valves. Sliding-valves are generally employed to admit the 
steam alternately above and below the pistons of engines, except in the 
case of pnmping-engines, and there lifting or spindle valves are usually 
employed. Safety-valves are always spindle-valves, though a slide-valve, 
opened by the rise of a column of water or mercury, has been proposed as 
a safety-valve. The valves of pumps are generally spindle, flap, or ball 



valves, but are slide-valves sometimes. A cock is to be regarded as a cir- 
cular sliding-valve. The diameter of the spindle of spindle-valves is 
usually made about one eighth of the diameter of the valves : in small valves 
the proportion is greater. 

Sq^ett^valves. — ^We have in page 86. given a theoretical investigation of 
the size of orifice requisite for safety-valves ; but, as is there stated, much 
larger orifices are employed in practice. A common proportion is a cir- 
cular inch of orifice per 1} horse power, or '8 of a circular inch per horse 
power. In marine engines safety-valves are usually lifted by a lever, which 
presses up the spindle from underneath, and the weights are either wholly 
or partially hung from the spindle. The spindles are sometimes guided by 
means of an iron bar, which passes across the steam-chest ; but this is not 
a commendable practice, as explosions have occurred fh>m the jamming of 
the spindles in the guide, in consequence of an alteration of shape in the 
steam-chest when £e pressure came on. Fig. 229. represents the safety- 




sArarr valve op locomotivb boiler. 



valve of a locomotive engine, which is of the steelyard kind, and the end 
of the lever is kept down by a spring. 

Boiler explosions sometimes arise from the adhesion of the safety-valve 
to its seat, and numerous plans have been devised, and some of them of 
considerable ingenuity, for obviating this source of danger. The oidinary 
method of feedug land boilers by a head of water may rank among these 
contrivances: it is shown in^E^. 230. A fioat, which is usually made of stone 

Fig. 2S0. 





JU 



SIAMD PIPE, PLOAT, AND PEED APPABATUS POR LAND BOILBES. 

or iron, b so balanced, by means of a counterweight, that it rises or fidls 
with the fiuctuations of the water level, and in so doing opens or closes a 
valve in a small cistern, at the top of a stand-pipe set on top of the boiler, 
thereby maintaining the water at the right leveL The stand-pipe is of suf- 
ficient diameter to receive a float connected with a chain proceeding to the 
damper ; and as the water is forced up in the stand-pipe to a height cor- 
responding to the elasticity of the steam, the float in the stand-pipe will 
rise and Ml with the varying pressure, thereby a^jnsting the vehemence of 
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the dnnght to tbe wanti of the engine. If the premire becomo tctj 
high, the water will be forced out of the boiler through the feedliig-TalTe. 
Tlui Talve, however, ii uniallj made too nnill to be capable of answering 
u « nfe^-valve, bat it p-vei intimation of danger. In ateain vesseU as 
npright pipe hai been reeominended to be applied to the top of the boiler, 
of ancient capacity to give free exit to theMeam, and detMD^n^ beneath 
the water letel, ao at to be onder ordinary eireamttaneea flUed with water. 
When the Jtetm beeomet too high, the water !• fbroed np thit [npe, and 
proeeedi into the chinmej by a branch-pipe provided for tM pnrpoae. If 
the preatnre be not apeedily reliered, the whole of the water Aunt the 
vootb cf the pipe will leave the boiler, and then the iteam will m>h ont. 
Another plan conuiU in the application of a Tcoel at the end of a lever, 
to receive the water which flows over fhim the upright pipe, and this 
veoel of water ii lo arranged that iti weight opena the laJe^-valTe. In 
Bome combinationa a column of qnicktilver 'i« em^oved, inatMd of a eo- 
Inmn of water; but it ba* been found that the qnickailver ia gradnally dia- 
(ipaled by the action of the Ream. A large iteam-gange ia ree<nnmended 
by aome penoni ai an effectual lafegnard agaioM explosion, in the event 
«r an adhedon of the safoty-valve ; bat f6r all ordinary preaanrei we think 
the colnmn of water already dewribed will be fonnd to be a pret^ble ex- 
pedient 

SUde-valoet. — There are three principal varietiea of slide-valvea — the 
long D, the short D, and the three ported. Tlie long D ia repreaenCed 
among the details of the engines oftbe Clyde, Tweed, Tav, 
and Teviot ateamera, and tlw three-ported vdve is shown m 
the plates we have given of locomotive ennnei ; but we 
here again represent it in Jig. 231. This valve eonuita of 
• box set over a central port, and moved alternately over 
ports set on each aide of the central port, so aa to eatablish a 
commonicatinn between the central and aide ports alter- 
nately. The central port is the escape port: the steam 
passes in the direction of the arrows, and when exhanMion 
^ IS being performed by one port, steam is being admitted by 
the other. This species of vdve is used very extenuvely 
I in higb-prewure engines, and almost Dniversally in locomo- 
tives. It is TciT simple ; and by leaving the &m of tlie 
J cylinder when the preaaore within the cylinder exceeds the 
pressure in the valve -cosing, it enables the water to escape 
when the engine primes : but it occasion* a considerable 
waste of steam if the ports and passages are lai^ -, and if 
they are not Urge, a considerable loss of power arises from 
the extra-resistance experienced by the piston. 
The long D valve has always been in mnch ^voor with engineers, though, 
ai we think, withont aof&ciect reason. The short D valve, is in onr Jndg- 
Fig. 232. 



Fig. aai. 




Fig. 333. 



ment, preferable, and we give inj^. 939, an excellent ipeeimen of lhi« 
ipecies ofvslve — the valve of the steamer Don Jnan. Some short P 
valves have only one rod to connect the ends, and 
others have two ; bnt three are preferable, as th^ 
give greater sti&ess than is otherwise attainable. It 
IS expedient lo line the connecting-rods, as in the 
wake of the ports they frequently get wasted tapidly 
Bwaj by the steam. 

llie piston-valve with shewed ports is represented 
in fy. 333. This species of valve is, in onr judg- 
ment, preferable to the D in many respect*. It is 
more easily worked, admits of metallie packing, and 
is not liable to have its form altered by twisdng. 
Messrs. Bllller, Bavenhill, and Ca, have adopted this 
species of valve in their oscillating engine* of the 
largest vae. bat in this instanee it* operation has not 
tieai tatitfbetoTj. 

In working lai^ eoginea conaiderable difficulty is 
experienced m '■i'"'*''"c the valve*, from the wnght 
and the preesnre of the steam forcing the valve against the fact of the 
cylinder. Various schemes have been adopted to obviate this disadvan* 
tage. In some cases a small engine has been used to work the valve* 
at starting, and another plan has been to balance the valve* by the op- 
posing pressure at the steam. One of these balance valves is represented 
m figures a34,S35,and336. It is a slide-valve, and has no hemp packing 
as is usual, but is kept tight by means of tl metallie packing-ring, divided 
into segments which are pressed against the inner ude (^ the v^ve-chest 
back by spiral springs and steam pressure. Some inconvenience might 
be anticipMed from the circumstance of the rubbing surface of the packing- 
ring at the udes of the valve being greater than at the end*: bntweunder- 
stand from Messrs. Hennie, b^ whom this valve was devised, that it* 
performance has been ttmoA aatis&ctor;. 

f^. 334. 





K a a is a bras* ring divided into segments, aa shown in the plan, theob- 
ject being to allow the ring to accommodate itself to any slight carve that 
may be caused by the pressure of steam on the valve-box back or cover. 

S b bbiMt space containing about three layen of well-plaited square 
gasket ecec is a brass ring m one piece fitted looaely into the gmi*<> 
having on one aide of it a number of small steel pegs, d add, on which ia 
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tteun-tight ttgainn i 

by»o 

work. 



p. Thete (pringa force th* ring, and bj it the homp 
hard igainit tlie brua •egmento, ctiaaijig them to (Hdt 
th« Talve-box oover, tha prewnre bring fiuther regnlUod 

made between the (pace in which the ipiral ipliiigi 

in the vilTB-boz. 

Fig S36. 




A ooouunnicUioa ii mtde between the oondenser »nd the tf»a» within 
the bnu ring a a a in the TalTC-baz cover, and the condenser, r^nlated 
bf • eock, lo that when the engineer i* handing the engine he can came a 
vacnotn at the twck of the alidea. s ■ ■ ii a wrought iron hoop bound to 
tt the turned part of the tbIts, which alide* freely in it, oninflBenoed by 
the TilTc-rod 1 1. 

The Talve employed by Mean. Pena in the moet recent of their oecil- 
lating-enginei, i» labatantially the nme with that joit repreiented. The ring, 
however, it in a single piece, and i» tightened a^inet the back plate by 
meanl of another ring, armed with foor logs. Ijuig beneath the packing- 
ring. Between thii ring and the packing-nng hemp packing ia interposed, 
and the lower ring i» raued op by nnacrewing ont of bouel on tite valve, 
fonr Mta pauing through the log*. Theae bolts may be nnacrewed, and 
the packing tightened, l^ removing four plugs in the back of the valve- 
casing. By ihia method of arrangement it la not Qecessary to make the 
back of the casing removable, hot merely to plane and fit the hack to the 
rings before the parta are put together. The back plate whieh forma the 
cover of the caaiog ia scraped as carefolly aa the valve and cylinder fhces, 
bat only u much of the back plate ia uios fitted m the ring oomei into 



contact with diuing the travel of the slide, and tlw fitted portion ia eait • 
little hijlwr than the other portions. 

farponauM-Faba; — Slide-valves are the moM satisbetoiy speciet of 
expanwoa-Talve ; hnt spindle-valve* tie the simplest, and they are the moat 
f^oeally employed. Mo*l of the apindle expannon-valves are of the 
double beat or eqailibrium kiod, aoeh aa are nied in the Cornish ingimn^ 
and the nature of which has been already explained in page 173. fn t^f 
platea of details of the West India mail enginea a specimea of ^ specie* cf . 
valve is given, with appropriate cams to be applied lo Ihs shaft for waking 
it by. In Majidalay's portable engine the cam is moved on the (haft by 
the governor, and the speed of the enfjioe rcgidales the point at whieh tilt 
ateamia cut off. The form of the etm is t sort of twitted elliptieal eylin^, 
so to speak, against the exterior aurfoce of whieh ■ pulley fixed on the end 
of a lever, presses, and by the motim thns derived opens the nlva. Thia 
speoiea of cam was employed in the Bertnioe steam vcMel, by Mr. Bobert 
Napier, but tha valve was in that ease a slide-valve, consisting of a pUtt 
interpcaed between the &ce of tha valve and the face of the e^inder. 

Fig. 337 repreaenti the vtrinble esptuiion gear of Ooiuienhach. U 
consists of an ordinary short slide-valve and casing, with port* in th* baek, 

J^. 237. 




imposed. The ordinary 
uu. MiE uaret of the tnpplementary 
valve may be lengthened or ihortened, so aa te eat off the steam at any 
part of the stroke. A is the common valve, and F the valve-cheat ; B is 
the supplementary valve, which is a solid block with two perfbrationa, 
which, when opposite the ports in the cover F, admit steam from the snp- 
plementary valve-chest K. The atarting-handle is connected with tha 
shaft g, upon which a lever is fixed, and so connected by links with tha 
extremities of the eccentric rods D and d, that when one eccentric gah i* 
in gear with the pin e', upon the valve-lever, the other ahsU be disengaged. 
In the figure the engine is in gear for going a-head, and Uie reveniM 
eccentric rod D ia disengaged from the ordinary valve, and in gear wm 
the aapplemeniory valve, by meani<^ aseoond gah/ whieh receives a pin 
upon ihe eipanaion- valve lever O'. In this lever tfiere ia a long slot, in 
wliieh a [un O, fixed on the valve link H, may be moved to a greater or 
less distance A^om the centre of the expansion-valve shaft, by meana of the 
handle T \ and the effective length of the valve-lever being thus varied, the 
travel of the valve receives a corresponding variation. The expansion- 
valve thus receive* the reversing motion while the slide-valve is receiving 
the forward motion. 

' Hr. Cabrey has need a mode of obtaining exptnuve action, which bean 
some resemblance to Oonzenbach'a plan, but dispenaiug with a second valve; 
It consista simply in making the eccentric rod terminate in a pin working 
in a alotted valve-lever, which has a gab similar to the ordinary eccentric 
gab. The throw of the valve will therefore depend upon the position tS 
3ie eccentric pin in the slot ; for the effective length of the lever will vary 
with the diatance of the pin from the centre of the valve shaft ; and the 
nearer it approaches that, the smaller will the throw become. By this 
means expansive working can beobluned with no cover on the valve, bnl it 
baa the great defect of not opening the ports at the proper time. Tbi* 
may be obviated by increasing the lead of the eccentrica with the degree 
of expansion ', which bss been done by Mr. Fenton, by means of spiral 
feathers upon the crank shaft fitting into corresponding grooves in the 
which, wbeo shifted by a lever along the ahaft, will neceatari^ 
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be turned round upon it, and tlrns gire the required lead. Fig, 238. re- 
presents the variable expansive gear of Mayer. It consists of an ordinary 
valve, with the addition of perforations through the top and bottom faces, 
each of which are covered by a supplementary valve upon the back of the 
first, consisting of two solid blocks, into which a valve rod is screwed, 
having a right-handed screw where it penetrates the one block, and a left- 
handed screw where it penetrates the other ; so that the blocks will be set 
closer or further apart, according to the direction in which ibe rod is turned. 
The ordinary valve receives its motion in the usual way, and the expansion- 
valve is moved by means of a pin attached to the piston-rod, which works 
in a slotted lever, to which the expansion-valve rod is attached. The 
motion of the two valves is, therefore, at ri^ht angles, and the expanfloi^ 
valve is about one-fourth of a revolution m advance of the steam-valve. 
In the figure, A is the steam-valve, BB the expansion-valve, TT the valve 
rod, with right and left handed screw ; O a wheel attached to the valve rod, 
over which a pitch chain passes, by means of which the valve rod is turned, 
and the blocks are altered so as to give the requisite amount of expansion ; 
I> is the valve shaft, and C£ the v{dve lever ; F is the pin attached to the 
piston rod. In all cases in which' the motion of the expansion-valve is the 
same as that of the piston, the slide-valve must be provided with lap. 

The expansion of the American engines is, as shown in the engine 
figured in page 190, generally a disk turning upon an axis like a throttle^ 
valve, but so made as to be capable of being turned completely round in 
the pipe. The expansion-valve of the Don Juan was of this description, 
and was worked from a pin in a pinion, which made two turns for each 
revolution of the engine. In Mr. James WhitelaVs expansion-valve the 
valve shaft is pranked slightly, so as to enable the end of a double-ended 
lever to be in the centre line of the shaft, the centre of this lever being 
supported by a pin passing through the vidve levers, and the expansion- 
'ndve, which consists of a plate placed between the valve and cylinder 
faces, is hung from the other extremity. So long as the end of the lever 
which is situated in the central line of the valve shaft, is preserved 
stationary, the expansion- valve has the same motion as the other valve, or 
is relatively at rest, so that no expansion then takes place ; but if the end 
referred to of the lever be moved, as is done by means of a suitable eam 
upon the shaft, expansion answerable to the degree of motion is then 
accomplished. Some expansion-valves are gridiron valves, or valves con- 
sisting of a great number of ports instead of one, whereby the extent of 
travefnecessary for their action is diminished. Mr. Bourne has introduced 
into aoine steam vessels a species of expansion-valve which cuts off the 



steam close to the valve ftice, so as to prevent expansion in the valve- 
casing, and is easily applicable to existing engines. It consists of two 
plates, moving between the valve tails of the D valve, and shutting up 
against the lap. These plates are connected together by a rod, and motion 
is given to them by means of a^ suitable cam or tappet : for moderate rates 
of expansion the motion given by a tumbler will suffice. In engines with 
a considerable amount of lap upon the valve, the amount of expansion 
will be increased by partially closing the throttie- valve, and in such cases 
the use of an expansion-valve in the steam^pipe cannot be productive of 
much benefit This effect is traceable to the quicker motion of the piston 
in the cvUnder as it approaches the centre of the stroke ; for a size of orifice 
that will admit steam enough to keep up the pressure at the beginning of 
the stroke, when th^ motion is very slow, will not do so when the motion 
quickens, and the pressure necessarily subsides within the cylinder. I^ 
however, there be no lap upon the valve, the pressure within the cylinder 
will rise towards the end of the stroke, when the motion again becomes 
slow ; but if there be lap upon the valve sufficient to prevent the steam 
from entering towards the latter part of the stroke, the steam may be very 
largely estpanded in the cylinder by throttling in the steam pipe. To make 
the action sati^kctory, however, the throttling of the steam should take place 
close to the steam port ; and one of Mr. Bourne's arrangements consists of 
a moveable plate covering holes vpon the 9teain side of tiie valve, through 
which holes the steam finds ingress into the cylinder. These moveable 
idat^s are not made to travel at every stroke t^the valve, as in the case of 
common expansioQ valves, but are mo^ed by meana of a rod passing through 
a hollow valve, spindle or otherwise, merely, whenever the rate of expan- 
sion require^ to be changed ; and the ei^tent to which the steam orifices are 
open determines the extent of the expanrion. The valve is made with 
sufficient lap to cut off the steam when about two thirds of the stroke have 
been performed, and with these proportions, and with the steam orifices 
very much contracted, ibe expansion begins very near the beginning of the 
stroke, and continues down uninterruptiE^y to its close. This species of ex<» 
pension valve appears to be the best for loc<miotive engines, and for all 
en^es, indeed, travelling at a quick speed, to which species of engine the 
spindle expansion valves are inapplicable. The moveable plates may ob- 
viously be used as a throttie valve, and the steam, by tiieir instrumentali^, 
may be completely shut off without throwing the engine out of gear. In 
all cases in which there is much lap upon tiie valve, it is expedient to make 
the throw of the valve more than twice the depUi of the ports ; as tiie orifice 
of the eduction passage will otherwise be too much contracted* 
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CHAPTER XL 



DETAILS OF ENGINES. 



THE FU1IFING-ENQINS. 

In a pamphlet printed by Messrs. Boolton and Watt, for the use of their 
servants, sometime between 1782 and 1785, we have some excellent prac- 
tical directions respecting the construction and management of pumping- 
engines, the greater part of which are applicable to the circumstances of 
the present tmie. This pamphlet is now very scarce ; but we have been 
favoured by Messrs. Bonlton and Watt with the use of a copy, and propose 
here to insert the most valuable part of its contents. Mr. Watt's hand is 
visible enough in this production, and the highest praise we can give to it 
is to say that it is worthy of its author. Under the head of general direc- 
tions we have the following : — 

** Having fixed upon the proper situation of the pump in the pit, from its 
centre measure out the distance to the centre of the cylinder, that is the 
length of the working-beam, or great lever, and the half breadth of each of 
the great chains, as ^own by the drawing. Then from the centre of the 
cylinder set off all the other dimensions of the house, including the thick- 
ness of the walls, and dig out the whole ground included (to the depth of 
the bottom of the cellar) so that the bottom of the cylinder ma^ stand on a 
level with the natural ground of the place, or lower, if convement, for the 
less height the house has above ground, so much the firmer will it be. 
The foundations of the walls must be laid at least two feet lower than the 
bottom of the cellar, unless the foundation be firm rock, and care must be 
taken to leave a small open drain into the pit quite through the lowest part 
of the foundation of the lever wall, to let off any water that may acci- 
dentally be spilt in the engine-house, or may naturally come into the cellar. 
If the foundation at that depth does not prove good, you must either go 
down to a better, if in your reach, or make it good by a platform of wood 
or piles, or both. 

** The foundation of the lever wall must be carried down lower than the 
bottom of the space left under the condenser cistern ^to get at the screws 
which fix the condenser), and two short walls must be built to carry the 
beams under the condenser cistern. Two other slight walls should be built, 
one on each side, at a little distance from that cistern, to keep the earth 
from it, which would otherwise cause it to rot 

** Within the house, low walls must be firmly built to carry the lower 
cylinder beams, so as to leave suflicient room to come at the holding-down 
screws, as shown in the drawing, and the ends of these beams must also be 
lodged in the wall, but the platform is not to be built on them until the 
house is otherwise finished. 

**• The lever wall must be built in the firmest manner, and run solid, course 
by course, with thin lime mortar, and care must be taken that the lime has 
not been long slacked. If the house be built of stone, let the stones be 
long and large, and let many headers be laid through the wall ; it should 
also be a rule, that every stone be laid on the broadest bed it has, and never 
set on its edge. A course or two above the lintel of the door which leads 
to the condenser, build in the wall two parallel, flat, thin bars of iron equally 
distant from each other, and from the outside and inside of the wall, and 
reaching the whole breadth of the lever wall About a foot higher in the 
wall, lay at every four feet of the breadth of the front, other bars of the 
same kind at right angles to the former course, and reaching quite through 
the thickness of the wall, and at each front comer lay a long bar, in the 
middle of the side walls, and reaching quite through the front walL If 
these bars are 10 or 12 feet long, it will be sufficient When the house is 
built up nearly to the bottom of the opening under the great beam, another 
double course of bars are to be built in, as has been directed. 

** At the level of the upper cylinder beams, holes must be left in the walls 
for their ends, with room to move them laterally, so that the cylinder may 
be got in, and smaller holes must be left quite through the walls, for the 
introduction of iron bars ; which being firmly &8tened to the cylinder 
beams at one end, and screwed at the other or outer end, will serve by 
their going through both the front and back walls, to bind the house more 
firmly together. 

** The spring beams, or iron bars fastened firmly to them, must reach quite 
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through the back wall, and be keyed or screwed up tight, and they mail 
be firmly fastened to the lever wall on each side, either by iron bars, firm 
pieces of wood, or long strong stones reaching fiir back into the wall ; they 
must also be bedded solidly, and the sides of the opening built in the firmest 
manner with wood or stone. The spring beams must always be laid eight 
inches on each side distant fh)m the working beam, to give room for the 
side arches. 

'* The house being finished, a wooden platform of 2| inch plank, is to ba 
laid on the lower cylinder beams, and the centre of the cylinder being 
accurately marked on it, four holes are to be bored through the cylinder 
beams, for the holding-down screws, and four boxes, about seven or eight 
inches square, and as long as the stone phitform is to be deep, are to ba 
placed perpendicularly over them. Then the stone or brick platform is to 
be built up to the level of the cylinder's bottom, as shown in the drawing; 
it must be composed of the heaviest materials which can readily and 
cheaply be procured. A very solid pillar of stone or brick work, laid in 
the best lime mortar, must be carried up directly under the cylinder, and 
must be, at least, of the diameter of the outside of the flanches ; the rest of 
the platform may be filled up with the heavy materials, bedded solidly in a 
mortar of clay and sand, and well beat into their places, so as never to settle 
or yield.** 

We next have some exceUent remarka upon the construction of boilen, 
and upon boiler-setting : — 

** In making the boiler you should use rivets between five eighths and 
three fourths inch diameter. In the bottom and sides the hoidaofthe 
rivets should be large and placed next the fire, or on the outside, and in 
the boiler top the heads should be on the inside. The rivets should be 
placed at two inches distant from the centre of one rivet to the centre of 
the other, and their centres should be about one inch distant fh>m the edge 
of the plate. The edges of the plates should be evenly cut to a Ime, bodi 
outside and inside. It is impossible to make a boiler top truly tight which 
is done otherwise. After the boiler is all put together, the edges of the 
plates should be thickened up, and made close by a blunt chisel about a 
quarter inch thick in the edge impelled by a hunmer of three or more 
pounds weight, one man holding and moving the chisel gradually, while 
another strikes. All the joints above water should be wetted with a solu- 
tion of sal amoniac in water, or rather in urine, which, by rusting them, 
will help to make them steam tight After the boiler is set, it may be 
dried by a small fire under it, and every joint and rivet above water pamted 
over with thin putty, made with whiting and linseed oil, applied with a 
brush. A gentle fire must be continued until the putty becomes quite 
hard, so as scarcely to be capable of being scratched off by the thumb nail, 
but care must be taken not to bum the putty, nor to leave off fire until it 
become dry. 

** In building the brick-work of the boiler-setting, no lime mutt be used 
where the fire or flame comes, but a mortar made of loam or sand and clay; 
but lime mortar should be used towards the outside. Pieces of old cart 
tire, or other such like pieces of iron, may be laid under the chime of the 
boiler, between it and the bricks, which will prevent its being so soon burnt 
out there. The brick- work which covers the boiler top should be laid in 
the best lime, which will not hurt it there, but will preserve it; the mortar 
should be used thin, and the boiler top well plastered with it, which will 
conduce greatly to tightness, if done some time before the engine be set to 
work. If your lime be not of that species which stands water, it will be 
well to mix some Dutch or Italian terrass, or pan scratch fix>m the salt 
works with it, but in any case the lime should be newly slacked. In carry- 
ing up the brick-work round the flues, long pieces of rolled iron should be 
built in two or three courses to prevent the brick-work fh>m splitting. 
Four holes at convenient places should be made into the flues, large enon^ 
to admit a boy to go in to clean them. One of them may be over the fire 
door, and another right behind the damper in the back side of the chimney. 
This last may be as high as the flues themselves are. These holes, when 
not in use, are to be built up with nine-inch brick-work, and made perfectly 
air tight Immediately above the brick- work of the boiler-setting, a hole 
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mast be left in the cliimxiey on the side next the boiler. This hole most 
be as wide as the chimney, and one foot or 18 inches high, and most have 
a sliding door fitted to it, to open it more or less at pleasure ; the nse of it 
b to moderate the draught of the chimney, and to prevent the flame being 
drawn up it before it has acted sufficiently on the boiler. A groove must 
be left in the brick-work for the damper to move up and down in easily, 
which should fit flat to the face of it The damper may be made to move 
easily up and down by means of a beam or a wheel, with a counterpoise 
equal to the weight of the damper. The best form of a fire door is two feet 
long and one foot high, inside measure, to have two leaves made of boiler- 
plates hinged on the two sides, and over-lapping one another about an inch 
in the middle. The scantling of the frame may be three inches broad by 
two inches thick.'* 

We have next some directions respecting the formation of a refrigeratory 
pond for the hot water. Throwing the water up into the air in Uie form 
of a jet to cool it was found to be detrimental, as it charged the water with 
air, which vitiated the vacuum : — 

" If you have not land water that will naturally run into the condenser- 
cistern, you must make a pool somewhere in the neighbourhood to receive 
the water from the hot- water pump, and reserve it for supplying the boiler 
and condenser-cistern when the engine stands still on any occasion. This 
pool may be at least 40 feet long, and 20 feet wide, to hold 3 feet deep of 
water ; and pipes or troughs must be laid from its bottom to the boiler, 
feed-pipe, and to the cistern. That at the feed-pipe must have a cock on 
purpose. It is only meant that this pool be simply dug in the earth and 
lined with turf^ puddled, or otherwise made water-tight If no ground 
within a reasonable distance be high enough for the water to run from the 
bottom of the pool into the boiler, then a pool may be made on lower 
ground, and a hand-pump fixed up to supply the boiler and cistern ; but 
this ought to be avoided if possible." 

Next come some directions for putting the engine together : — 

** Having put the working-beam together, and &stened the gudgeon to 
it, rest it on the plunmier blocks ; but do not fasten these blocks until the 
cylinder is fixed. 

** Level the top of the stone platform, and lay the outer bottom of the 
cylinder down in its place, truly level, and corresponding to the holding- 
down screw- boxes. 

" Apply the inner bottom upon the outer one, and set its upper joint 
level, by wedging betwixt it and the outer bottom if it requires it : then 
cut out segments of pasteboard, such as is used for the boards of books ^not 
such as is composed of paper pasted together); let these segments be 
of such thicknesses as the different parts of the joint may require (if it be 
more open in some places than in others). Soak these pasteboard segments 
in warm water until they become qmte soft, then lay them upon boards to 
dry, and when quite dry put them mto a flat pan with a quantity of drying 
linseed oil ; warm the oil until the pasteboard ceases to emit bubbles of air, 
but take care not to heat the oil much hotter than boiling water, otherwise 
it will harden or bum the pasteboard. Anoint the segments on both sides 
with thin putty made with fine whiting and some of the linseed oil ; let the 
whiting be very dry, otherwise it will be difficult to mix with the oil, and 
N. B. that white lead will not answer in place of it 

** Tou must, as much as you can, avoid using more than one thickness of 
pasteboard, and the segments should be a little broader than the flanch, 
with all the holes cut out by a chisel, but not quite so large as the holes in 
the iron. The segments should also be thinned at the ends where they 
overlap each other, so that they may form a circle of pasteboard of an 
uniform thickness. 

** To pack the piston, take sixty common-sized white or untarred rope- 
yams, and with them plait a gasket or flat rope, as close and firm as 
possible, tapering for 18 inches at each end, and long enough to go round 
the piston, and overlap for that length ; coil this rope the thin way as hard 
as you can, lay it on an iron plate, and beat it with a sledge hammer until 
its breadth answers its place ; put it in and beat it down with a wooden 
driver and a hand-mallet ; pour some melted tallow all round ; then pack 
in a layer of white oakum half an inch thick, then another rope, then more 
oakum, so that the whole packing may have the depth of about four inches, 
or only three inches if the engine be a small one. Cast segments of a 
circle of lead, about 12 inches long, 3 inches deep, and IJ inch thick, fitted 
to the circle of the piston, and cut down square at both ends ; lay them 
round upon the packing as close as they can lie to one another without 
jamming, and screw down the piston springs upon them; the piston springs 
should be bent downwards at the end next the piston-rod, and a little mor- 
toise should be cut in the cast-iron there, for the bent-down point of each 
of them to lodge in, which will prevent their coming forwards to touch the 
cylinder. Previous to the piston being put into the cylinder, the hollows 
among the crosses should be quite filled up with solid pieces of deal wood, 
put in radius fashion. The packing of the piston should be beat solid, but 
not too hard, otherwise it will create so great a friction as to hinder the 
easy going of the engine. Abundance of tallow should be allowed it, 
especially at first ; the quantity required will be less as the cylinder grows 
smooth. 

" The joints being all made, the regulator valves in their places, and 
their covers screwed on, but no water in the condenser cistern, admit 
steam, and when the cylinder and steam case are thoroughly warmed, screw 
•up the nuts of all your screws, and caulk the pasteboaM or oakum of such 



joints as may require it, with a caulking chisel, until you find that every 
thing about the cylinder is perfectly stauncL; then pour three or four feet 
deep of water into the hot-water pump ; stake down Uie iigection and blow- 
ing valves, and also those on the air-pump lid ; then let the steam into the 
condenser, which will show the defects or leaks, if there be any. 

** Screw on the steam gauge to the steam case near the nozzle, and be- 
hind the engine-man's place ; pour as much mercury into it as will |ialf fiU 
the open leg ; put a float on it, broad at bottom, but very slender in the 
stem ; cut the float or index off close to the end of the open tube, and fix a 
scale to it, reckoning every half inch the float rises equal to an augmenta- 
tion of the elasticity of the steam, corresponding to the supportmgof a column 
of mercury an inch high, because the surface has sunk as much in the one 
leg as it has risen in the other. Solder a small copper fosset-pipe, to fit the 
copper communicating tube of the barometer, into the eduction-pipe, 12 
inches under the fosset of the blowing valve, and on the opposite side of the 
eduction-pipe ; place the barometer in the door-way to the condenser on 
the further side frt>m the plug-tree, so that the engine-man may see it when 
at his station ; join the copper tube to it by pouring melted sealing-wax 
into the copper cup at top ; fill the short leg of the barometer with mer- 
cury, within four or five inches of its top, and put a light float in it, long 
enough to reach to the top of its frame. 

** Fill the condenser cistern, shut the lower regulator, and there being no 
steam in the cylinder, or its communication with the boiler being out off, 
take off the bonnet or cover of the exhaustion regulator, shnt that regu- 
lator, and work the air-pump by means of the brake. If then you find 
that air enters by the regulator, pour some water on it, and continue pump- 
ing until you have nosed the barometer, L e. sunk its float, to 27 or 28 inches; 
leave off pumping, and observe if the vacuum continues good, or is a long 
time in being destroyed. If it looses fast, seek for the leaks, which must 
be somewhere in the eduction-pipe, and will make a noise if touched with 
a wet hand (observe if the condenser moves by the pumping, and secure 
it). After having cured these leaks, you may try the tightness of the 
cylinder by staking the working-beam, so that the piston cannot descend ; 
then taking the cover off the cylinder, open the exhaustion regulator, and 
shut the steam* regulator ; on beginning to pump, you will perceive if the 
piston be tight ; if it is not, it may be beat a little, and some water being 
thrown upon it, and on the steam regulator, whatever air enters most be by 
leaks, which must be sought for and cured by screwing or caulking in oakum. 

** N. B. A critical tightness in the piston cannot be obtained until the 
engine has gone a few days, without beating it too hard, to permit the 
engine to move easily. When you can detect no more leaks in this way, 
the steam must be admitted, and the same examination made as before. 

** After the engine has been set a-going, and has gone a few hours, the 
holding-down screws should be screwed tight, and so from time to time as 
they become slack ; and in like manner all the other screws about the 
cylinder or nozzles should be screwed up as they slacken, and the joints 
caulked and puttied where they require it 

We have next directions for working the engine : — 

** To set the engine a-going, raise the steam until the index of the steam 
gauge comes to three inches on the scale ; when the outer cylinder is fully 
warmed, and steam issues fireely on opening the small valve at the bottom 
of the siphon or waste-pipe, which discharges the condensed water from 
the outer bottom, open idl the regulators; the steam will then forcibly blow 
out the air or water contained in the eduction-pipe, by the blowing-valve, 
but cannot immediately take place if the air is in the cylinder itself; to get 
quit of it, after you have blown the engine a few minutes, shut the steam 
regulator ; the cold water of ^e condenser cistern will condense some of 
the steam contained in the eduction-pipe, and its place will be supplied by 
some of the air from •the cylinder; open the steam regulator and blow out 
that air ; and repeat the operation until you judge the cylinder to be cleared 
of air; when that is the case, shut all the regulators, and observe if the baro- 
meter shows that there is any vacuum in the eduction-pipe ; when the 
barometer gauge has sunk three inches, open the injection a very little, 
and shut it again immediately ; if this produces any considerable degree of 
vacuum, open the exhaustion regulator a very little way, and the injection 
at the same time ; if the engine does not commence its motion, it must be 
blown again, and the same operation repeated until it moves; if the engine 
be very ligl^tly loaded, or if there is no water in the pumps, you must be 
very nimble and shut the exhaustion and top regulators, so soon as it be- 
gins to move quickly, otherwise it will make its stroke with great violence, 
and perhaps do some mischief. To prevent which, open the top and ex- 
haustion regulators only a little way, and put pegs in the plug-tree, so that 
they may be sure to shut these regulators long before the piston comes to 
the bottom. 

** If there is much unbalanced weight on the pump-end, you must also 
take care to put a peg in the ladder which guards Uie steam-regulator lever, 
so as to allow that regulator to open only a little way, and so to lessen the 
passage for the steam, when it enters to fill the cylinder, otherwise the 
rods, &c., at the pump-end may descend too fast and be pr^udicial ; if you 
find, after a few strokes, that the engine goes out too slow, the steam-regu- 
lator may be opened wider. In onder to regulate the opening of the ex- 
haustion regulator, you should have pieces of board, of various thicknesses, 
to put under the weight which pulls it open, by means of which it may be 
made to open more or less at pleasure, and the top regulator may be 
managed in the same manner. 
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** Should the engbe wofk with two great tiolenee, on aecount of its 
bein^ underloaded, yon maj correct it by giving the top regulator a lesser 
openmg, and shutting it at snch a part of the stroke as will jnst give the 
piston sufficient force to come to the bottom. Whenever the top regulator 
18 used, the exhaustion regulator should be thrown fully open every stroke, 
in order to give a firee exit to the steam, on which a great part of the good 
effects of the top regulator depends. 

** The engine should always be made to work full stroke, that is until 
the catch-pins oome within half an inch of the springs on each end, which 
is easily managed by an attention to the pegs. Care must be taken that the 
piston rise hig^ enough in the cylinder wlven the engine is at rest, to spill 
over into the perpendicular steam-pipe any water which may be condensed 
above it ; fbr if any water remAin there, or in any other part of the cylinder 
while it is working, it will Very much increase the consumption of steam. 
When the engine u to be stopped, shut the injection and secure it ; put a 
peg in the plug-tree to prevent the exhaustion regulator from opening, and 
take out the peg on the other side, so as to allow the steam regulator to 
open and to remain open ; otherwise you may have a partial yacuum in the 
cylinder, and it may be filled with water fix>m the ii^ection or leakages, 
which is a troublesome accident The top regulator should also be open 
while the engine stands. 

** When an engine is in tolerable good order, it will bear to stand ten 
minutes, and go to work agiun witiiout blowing afresh ; and though it has 
stood two or three hours, if there has been any steam issuing from the 
boiler, and no air has been admitted into the cylinder, it will generally go 
off with once blowing fbr about a nunute. 

'* If you find, after fbllowing die above directions, that the engine does 
not go to work, shut the exhaustion regulator, and give some ii^ection ; if 
it Uien makes no vacuum, it is likely there are air leaks about the eduction- 
pipe ; if it does make a vacuum which remains but a short time, it may be 
owing either to air or water leaks; these may be distinguished by blowing 
as before, and shutting the lower regulator for about a minute, without 
giving any ixgection. I^ upon opening it again, it throws out a good deal 
of water at the blowing-pipe before it blows steam, it is certain that it 
either has some leak in the condenser under water, or that the ixgection 
or blowing valve does not shut close ; if they are found to shut close, every 
joint should be examined, and also the valve at the foot of the eduction* 
pipe. 

** If, after blowing as befbre, you find that immediately on opening the 
exhaustion regulator, a quantity of air is thrown out at the blowing-valve^ 
the leak is in the eduction-pipe somewhere between the surfkce of the 
water in the cistern and the nozzle. The particular place of these leaks 
may be found, by emptying the cistern of water, putting three or four feet 
deep of water into the hot-water pump, and staking down the blowing and 
ixyection valves with those on the air-pump lid ; then, if steam be admitted 
into the eduction-pipe, it will come out at the leaks, and point them out 
If not found out in this way, apply the brake to the air-pump, taking care 
first to put some water on its bucket, and then by working that pump by 
hand, you will probably, on an attentive examination, observe where air 
goes in, which may be known more distinctly by wetting the place 
sospected. 

*< If upon shutting the lower regulator and making a vacuum in the ex- 
haustion pipe by pumping, or by u^ection, you find that vacuum continues 
good for a considerable time, then the fault does not lie in the eduction- 
pipe, but in the nozzle or joint of the cylinder bottom, where it must be 
sought fbr. 

" In these examinations by pumping it is proper to take off the bonnet 
or cover of the exhaustion regulator, and to examine if air enters at that 
regulator; if it does, and only in small quantity, throw some water on the 
regulator while you are examining the eduction-pipe ; and when the leak 
is suspected to be in the bottom joint of the cylinder, or in the lower nozzle, 
you must throw some water on Uie steam regulator, and also on the piston, 
then, by pumping and strict examination, you will soon find where the air 
enters. When you are examining the tightness of the piston by pumping, 
you must stake the beam, so that the piston may not descend. 

** If in course of working you do not find the vacuum keep good, and 
the engine goes sluggishly, or stops and requires to be blown frequently, 
you must examine whether an uncommon qoantity of air or water issues 
at the hot-water pump, or if any comes out at the valves on the ur-pump 
lid ; if the quantity of air is great, the engine has some air leak; and if the 
quantity of water be great, and is rather cooler than usual, it proceeds from 
a water leak in the condenser ; if the quantity of water be great, and at the 
tame time very hot, it proceeds from a bad piston, or firom the steam regu- 
lator not shutting close. 

** The engine will also go badly if the ur-pnmp or water-pump buckets 
or clacks strip the water, that is, let it pass by them. You will know if 
this be the case with the water-pump bucket, by observing whether the 
water fbllows down after it at the return of the stroke, and leaves a part of 
the pump empty ; if it does not, either the bucket strips the water, or the 
engine receives water in some way which it ought not 

** Attention ought to be given to feeding the boiler in a regular manner, 
that it may not be spoiled, nor (team wanted. When there is too much 
water in the boiler, the engine will not work regular, and if there is too 
little, the sides of the boiler will be burnt by the flame in the flues. If by 
accident it should at any time run a little too low, the feed should be ang- 



mented, so as to fill it gradually; fbr if jou run in too much at once, yon 
will check the steam, and stop the engine ; but if it be run very low, stop 
the engine, open the puppet clack, and fill the boiler frt>m the pool or re- 
servoir, if you have one ; otherwise fill it by working the air-pump, having 
first staked down the valves on its cover, and opened the injection- valve. 
In working the engine, the steam ought to be strong enough to make the 
index of the steam gauge stand haET an inch high at least, otherwise air 
will enter at the joints of the boiler, &c, and spoil the vacuum, so as to 
cause a good deal of trouble to get quit of it again. Therefore if you per* 
ceive the steam gauge to be lower, stop the engine until it rises again. By 
a little attention, you will find the proper opening of the fseding-cock for 
any rate of working. 

** Let all the coals employed to feed the fire be thoroughly watered just 
befbre they are thrown on, as that will prevent Uieir being swept into the 
flues by the draught of the chimney. 

** The fire should be kept of an equal thickness and tree from open places 
or holes, which are extremely prejudicial, and should be filled up as soon 
as they appear ; if the fire grows foul and wants air, by clinkers collecting 
on the bars, they must be got out with a poker, but the fire should be as 
little disturbed in that operation as possible, and Uie greatest care taken not 
to make any coals or coke fall through which are not thoroughly con* 
sumed; it is very common for a fourth of the whole coals to be wasted m. 
this manner, by mere carelessness. When the fire is newly made, the 
damper should be raised a little, so as to let off the smoke freely, but 
should be let down to its proper place so soon as the smoke is gone oS, 
The air door in the chimney should be always open more or less ; it pre* 
vents the flame fix>m being sucked up the chimney, and very considerably 
increases the effect of the coals. Once a month the boiler and flues ought 
to be cleaned, or oftener if the water be very sulject to incmst the boiler. 
Every morning the ashes ought to be taken out, the engine-house swept 
clean, and a view taken of every part of the engine, to see that nothing be 
working out of its place, or want oiling. Particular attention ought to be 
paid to the bolts and cutters of the great chains and piston ro^ so that 
none of them get loose. 

** An engine, when in good order, ought to be capable of going so slow 
as one stroke in ten minutes, and so frist as ten strokes in one minute i 
and if it does not fulfil these conditions, somewhat is amiss that can be 
remedied. 

** The hot water should issue of the heat of 96 degrees of Fahrenheit's 
thermometer, that is, blood warm, when the engine is in excellent order, 
and should never exceed the heat of 1 10 degrees, unless when the ix^ecticii 
or cold water is hotter than 70 degrees, and in that case the vacuum will 
not be good. 

«* To make putty for making or repairing the joints : — Take whiting, or 
chalk finely powdered, dry it on an iron plate, or in a ladle, until all the 
moisture be exhaled ; then mix it with raw linseed oil, and beat or grind 
it well, adding more oil or whiting, until it be of the oonsistenoe of thick 
paint, and pei^tly free fh)m lumps or inequalities. 

** For some purposes, where the putty is wanted to dry and to be very 
sticky, use painters drying oil, which is made by boiling the oil with a 
small quantity of litharp;e or red lead. 

f* Where the putty is wanted to oontinne always soft, mix about two 
ounces of butter or common salad oil with each pound or pint of the lia* 
seed oil. This soft putty is principally usefcd in Uie caulked joints of the 
eduction-pipe, above water. — N. B. VHute lead will not answer in place of 
the whiting. 

" No wet cloths should be suffered to be laid on the cylinder, boiler, or 
steam-pipes, and every part containing steam should be guarded as much 
as possible fh)m tiie influence of cold air or water. 

" The proper grease for the piston and cylinder stuffing-box is melted 
tallow, and for the chains, gudgeons, &c, common Spanish olive oil (called 
salad oil), which, for some uses, may be thickened by dissolving some taUow 
or butter in it by means of heat Linseed oil diould never be used as 
grease, as it dries and creates more fHction than would have been witboat 
it Hogs' lard, or train oil, if applied any where about the cylinder, or 
where it is hot, will thicken like linseed oiL When the oil or grease abovt 
the great chains, or any of the working parts, grows clotted or very iMek, 
it should be scraped off before new grease is added. 

** An improvement has lately been made in the covering Ixnler tops. 
The setting being built up to nine inches above the flues as usual, a course 
of horse or cow dung, three inches thick, and well beat, b applied to the 
boiler top ; on the outside of that is laid some good lime mortar, about an 
inch in thickness, to which is applied a course of bricks flatwise, with their 
ends upwards ; on the outside of that another course of bricks (also laid in 
good mortar) in the same position, but so as to break joint with the first 
course ; in which manner the covering is carried on until the whole top is 
covered, taking care to leave an opening for the man-hole : every flaneh 
may be thus covered ; and when well done, it effectually makes the top 
steam tight, and also defends it from cold and rain, so that a boiler-house is 
not necessary. The mortar employed must be such as stands water." 

Finally we have some ** Additional Observations,** supplementary to the 
foregoing, and which are as follow: — 

"■ Instead of using painters* drying oil to make the joints with, take good 
raw or unboiled linseed oil, put it in an iron pot, place it over a gentle firt 
(out of doors, but protected from rain), let it be watched as it heats, as il 
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itone or ;nM« of iron, 700 find ll ii, wlien cold, of the tliickn«« of thicic 
tar or treacle. The paiCeboardi for the joints are to be (oaked in tM* oil 
warm, or paint«d over with it, and lud in a hot pUoe to inck it ap ; and it 
ia alio to be Died to nuike tlie putty with. 

" The oakom with which the joints are caulked ihonld be well imeared 
with the ttrong or thick boiled oil mentioned in these additional direction!. 
If the under aide of the pipe of the inner bottom does not fit cloae to the 
tower edge of the opening made for it in the outer bottom, that ii to say, 
if the apace left there tbr pasteboard or canlking be wider than one quarter 
of an inch, a piece of hammered iron an inch and a half broad moit be 
forged of inch thickness as to fit! np the apace, lo u to make it tight bv the 
help of a thickness of pasteboard aboTe it, and another below it Lead 
ought not to be used in these cases, a* its eipansjoa and rontraction by 
heM and cold are too great Instead of potting a prop from the nozzle to 
the gronnd, it is found better to pnl a balance beam off sidcvajis onder the 
floor, with a short upright having a flat end to take a broad bearing under 
the Dotile. The weight of the balance ahonid not support more than two 
thirds of the weight of the noiile. 

" Some people use a plaited rope to make the joint of the cylinder lid, 
which is a bad practice; for though a pluted rope may make a joint appa* 
rendj fteam tight, yet it has been found by experience, that such jointa 
are not air tight \ but when, by the working of the top r^ulator, a partial 
Tacnum is {deduced in the upper part of die cylinder, they permit some 
air to enter imperceptibly, and without noiae, which, of coarse, passes to 
the condenser, and by persons that are not aware of this circumstance, may 
be thought to enter at some air leak in another place. We therefore re- 
commend that this joint be always made with paateboard and pntty ; and 
that a strict attention be paid to the tightness of the stufflng-box, wherever 
the top regulator is used," 

In the Cornish engines, as we hare already mentioned, great diminution 
in the consumption of ftiel has taken place since Mr. Watt's time, chiefly 
by the larger application of the principleof eipansioiL Taylor's 85 in. 
oylinder engine, erected at tlie United Mines in 1840, reached in 1B4S an 
average duty of 107 millions of pounds raised 1 ft. high with a bushel of 
coals. In this engine the pressure of the steam is 40 lb., and it is cut off 
at one tenth or one twelfth of the stroke. To diminish the risk of ftvcture 
in engines using snch high steam, Mr. Sims, of Redmth, has contrived a 
plan of double cylinder engine, which is mnch simpler in irrangemenl than 
those hitherto employed. The small cylinder here stands on top of the 
Ittrge one, and the same piston-rod passes throiwh both. The same number 
of valves too that is used in common pumping-en^nea, suffices in thii 
modification of the double cylinder plan. 

The Comiih engines are always provided with a steam-jacket, but 
through this jacket the steam does not pass in its way to the cylinder. 
The steam jacket is kept filled with steam by a branch from the steam- 
pipe, which is about 4 in. in diameter in large engines. The clothing ap- 
plied to the cylinder is very various: a common plan is to inclose the 
oylinder in a brick wall, leaving a space between them ; to plaster the wall, 
and coat it with timber. The cylinder cover and cylinder bottom are usu- 
ally made hollow, and filled with steam : Himj are then carefully coated 
with non-conducting materials. 

The main beam of the engine usoally coomsts of two cast-iron plates, 
bolted together, and armed with prqjectmg horns to catch the spring beams, 
should the piston be disposed to strike the bottom of the cylinder. From 
the beam bangs the plug-rod, by which the valves are moved by means of 
some such arrangement as that shown in Jig. !39. which differs iu some 
respects from the Cornish fbim. The valves of the Cornish engine erected 
byHr. Ho«kingatVauzhaU,andof whichwe have given a plate, are shown 
an a large scale in^i. 340. 341. and 343, These valves are oC the eqni- 



Fig. 340. 




librium description. In 340. and 341. the »alve to the left is the governor- 
valve, by the adjustment of which the flow of steam to the cylinder is 
regulated : the centre valve is the steam-valve, and the valve to the right 
is the eqmUbriam-valve. Fig. 343. represents tlie eduction-valve, which, it 
will be remarked, is larger than the others, so as to afford a free exit for the 
steam into (he condenser. Three-quarters of a sqnare inch per horse 
power ia a common riie for the steam-valvs in rotative engines, Atmished 
with spiodle-valves ; and a square inch and a quarter per horse power is a 
common siie for the eihansUou- valve. 

The plunger-piunp is the pimip universally naed in the Cornish minM 
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and it ii moch preftnble to the liftiii^pamp, msimiich h it can V packed 
(fresh, or the pifking nuij be tightened, vith mneh greUer &ciii^ thaa 
ciD be done in the caie of a lifting-pamp, while the friction is at the lame 
time leu. The abaft ii divided liito a gncceuion of lifts, in which th« 
water of the lowest lift in delivered lo the pump next abore it, and lo on in 
mcceasioD until the water reaches the sor&ee. The plunger-pomp ii nted 
in all tbeae lifts eieept the lowest, where the lifting-pump ismed, with the 
view of obviating incoDTeoience, should the water from denugement in the 
machineiy, or otherwise, rise lo high in the mine u would m^e the Ttdvea 
and barrel of a rorcing-pamp inaeeetsible, and also on aecoont of tba 
Escilities sSbrded by the lifting-pnntp id the drainage of the water as the 
mine is annk deeper. The plunger-ptmip was invented iLboni two eentnriea 
ago b; Sir Samuel Morlaad, and was introduced into the Cornish esRiiie 
hy Murdoch. Its ose obviates the necessity for as large a coontoweight 
as would otherwise be necessary ; for the fbrce of the engine is expended in 
liJEting the pIunp•Tod^ and the water is forced ont by the weight of the 
pomp-rods in their descent. The pump-rods of some of the etufines, 
however, are too heavy for the engine to lift, and part of the weight ui to 
be taken off hj one lever or more, provided with counterbalance weight*, 
placed either at the surface or in sonie convenient side excavatioiL 
The main pnmp-rod of Davj't engine at the Consolidated ICnea, is one- 
thiM of a mile in length, and weighs SS tons. Tbe other rods weigb 40 
tons, making a total weight of 135 ton*, of which 39 only are wuited to 
balance the water in the pump, and the greater part of the remaining 96 
is balanced by weighted levers, or as they are termed, "balance bobs". The 
main pamp-rod is usually composed of balks of Meinel timber, and at 
intervals down the sides of the shafl projecting pieces are bolted on, which 
catch upon suitable timbers let into the tides of the shaft, to preveift the 
rod ftum descending too far in the event of fracture above. The rod is 
gidded at intervale by appropriate frames. There is something rather 
primitive in these expedients, and it appears to os not improbable that the 
whole (^ this combrons apparatus will bereaftei be eoperseded by ma- 
chinery opera^g by atmospheric pressure, whereby the pomp-rod* will 
be rendered superfluous, or else by the centrifligal pump ; and a small 
engine, woiUng at a quick speed, will suAce for working inch an »p- 

We have already given, in onr remarks npon the snlject of boilera, llie 
chief results of the Comish practice as regards the economisation nf fneL 
Into that question we need not again enter, but ma; here give the ninlta 
ascertained by Mr. Enys of the operation of some of the pnndpal Conush 
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Diameter of cylinder - in inches. 


85 


BO 


69 


90 


90 
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90 


30 


85 
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Stroke of piston - - in fleet 


10 


111 
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10 


10 
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10 
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Diameter of steam-valve • in inches. 
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13 
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8 
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18 
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14 
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10 
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3 
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3 
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Leogth of boilers- - in feet. 
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37 
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67° 
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Ashes over boiler 


80° 


80" 


81° 


98° 
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88° 
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9 


IS 


3 


7 


8 


9 


8 


1 


5 


9 
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a 
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2 
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Water load per sq. in. of piston in lb. 


U'46 


13-13 


8-78 


11-56 


8-3 


16-8 


11-5 


17-96 


11-95 


18-88 




I 


i 




i 


1 


i 


4 


1 
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Strokes per minute 


SI 


n 




9 


9 


10 


9 


6 


7 


Proportion of dnration of in-door to 






















out-door stroke 


ill 


6:8 


4:7 


S :7 


5:7 


5:6 


4:61 


*:7 


1 :s 


4:71 


Grease used per day - in lb. 


la 


12 


10 




12 


10 


12 


6 


12 


13 


Oil osed per day - - in pints. 


1 
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Men employed ... 
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3 
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4 
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4 4 
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We have already eiprened our 1)elief that ntadTe beem-euginei must 
te inper««d«d, even for Und parpoiea, either by the oacUUting or lome 
other niecieg of direct action engiae ; ncrertheleu, ai all perMOB maj not 
tie of Uiii opinion, and ai thia inperceuion hai not vet taken place, we 
think it Deeeuarf to giie the chief detuli of a rotatiTe engine, and have 
■elected an engine of Meurs. Cabd'i for thii pnrpoae, represeiited in fy. 
StS, which i* a general elevatioD. 

Fwi, SM. and 245. are enlarged Ttewi of the warking-beam, which ii of 
eut-iroD ; and _figi, 246. aod 247. are lectioni of the ume. The ute« of 



Fig. 846. 



Fig.a*l. 





thii beam agree, with ulerable neaneu, with thoae given in our tahlei of 

j: loQ^ The depth of beam Bt the centre inunailraboDteqnal to the 

■r of the ejlindsr, and the depth U the end* ii gcaenll; made aboat 



one-third of the depth of the beam at the centre. The length of the beam 
ia generally about three timet the length of the itroke, and the thickneu 
^th of the length. Bj the thickneu ia meant the mean thieknen i the 
edge-bead i* moBil; 11 time the thickneu of the web. 

F^. 248. ii the can-iron main centre of the working-beam ; Jtg. 349. ia 
the eait-iron atnd for the main links ; Jig. 250. ii the conn 
ofcaat-inm) j^. 231. ii the wronght-iron ttnd for the i 
SS2. ii the wronght-iron ttod for the hot and cold water pui 

Fig.2iS. 



SEfe 



,^..-..^>— j^* 




The diameter of the end Itnda of the beam ia generally made about Jth of 
the diameter of the cylinder when the Itndi are of caat-iron, tni -ffii of 
the diameter of the cylinder when they are of wronght-iron i but the larger 
proportion ia preferable, aa the wear of the btMsea ia then leaa rapid. It 
u a common jaull to make bearingi too imall, from their proportionment 
being Tiewed with reference only to itrength, whereat it ihonld alfo be 
Tie wed with reference to weu. 



Figt. 3S3. and 334. are vievi of (lie pitton-rnd ctoteb or eroM-head. 

The pUton-rod pusei inio tbe roiuid hole in the centre of tlte clnt^, and 

Figi. 353, SS4. 
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Figt. S36. and 337. reprpseni the main linkt ; _fig. 35B. the pillar of tha 
dn link, which U interpoBed between the upper and under brane* ; and 
jtjt^ass. 260, and SGI. the upper brau and pillar plate of the link. Fi^. 
963. repreienli the gibe and cotter of the main iinlu. The Kctional area 
of the main linka ii usuaU; made about j4jth of the area of the ptiton, that 
of the piHon-iod being Tlgth. To find the proper tectiunal area of the 
main linka, a common rule ii to diride the iquare of the diameter of the 



D link* encircle the projecting bearings, and join the elalch with 
n beam. Fig. 255. repreienU the croes-heed gib* and cutter. 





'jf*" 



33k. 



It:^ 






c^linder h^ 144. The length of the m 
ai (he length of the crank, which u half the stroke, "the main beam ii 
alwBvi somewhat longer than the distance between the cfllnder and 
crack centrv), and at the cylinder end the perpeadicular centre line diTide* 
the veraed sine equally. The angular motion of the beam is abont 38 de- 
gree! dnriug the whole stroke. The length of stroke ii the chord of the 
arc the centre of the end pin describes, snd the versed sine repreaeau the 
amoont of deviation from the perpendicular, which in called the vibration 
of the beam. The beam beiag three times the length of the stroke, the 
dlitiince fWtni the main centre to the end >tud is one and a half times the 
length of the stroke, and with these proportions the end stud will deviate 
from the perpendicular one tech for every foot of Itroke. To find the 
amount of vibration of the end slnd: — from the square of the radios in 
inchea described bj the slnd subtract the Bquare of the length of the cntnk 
iu inches ; extract the square root of the remainder, which dednet from 
the radius in inches. To find the proper distance between the main centre 
and the centre of the cylinder: — add the above-mentioned square root to 
the radius of the lever in inches) half their sum wilt be the horiiontal 
distance in inches. 

The main centre of a land engioe beam is usually fixed in with keys: 
the other centres are Bomettmei fixed with keys, and at other times tfae^ 
■re gronnd in, which^ppears to be the preferable practice. The beam is 
aet npon its edge, on two blocks of wood : a straight edge is applied to 
ascertain if it is nearly straight, and if bent or twisted it ii brought itiaight 
by being hammered with the face of the hammer, tboanh this praeuee 
weakens the beam if carried far. A cross piece of wood is put into each 
main-centre hole, upon which the ceniml point i« marked; the beam is 
plumbed, (he end centres are put through, staked with wedges, and levelled 
by means of ■ short level with two legs passing down from the edge of the 
beam. The lengths from the main centre are next ascertained to be right, 
and the main centre is then put in, using (he end centres as ptnnts to mea- 
sure fh>m. FinsJly, the keys are fitted. This is (he mode of procedure when 
the holes for the centres are not bored out Jt is expedient to put a centre 
line on the edge of (he beam to fix the position of (he stnds laleraQy. and this 
is generally done. The force acting at each end of an engine-beam may be 
token at 1 4 lbs. per circular inch of the piston, or, if the beam be supposed 
to be supported a( both ends, it may be token at 281bi. per circular inch 
acting at the centre. The depth of the beam at the ends being one third 
of the depth at the middle, to find the dimensions at the middle, divide the 
weight in pounds acting at the centre by 250. and multiply the quotient by 
the distance in feet between the supports. To find tbe depth, the breadth 
being given ; divide this product by the breadth in inches, and extract the 
square root of the quotient, which is the depth. It is expedient, however, 
to make main beams stronger than is indicated by any of these mles, as a 
higher pressure of steam is now used almost universally than was employed 
by Mr. Watt. In our table of the dimensions of beams at the centre, the 
BJ^res ^ven are understood to represent the web of the beam, or the di- 
mensions within tbe beads, if the pressure of the steam be above that 
of the atmosphere. 

We now come to the parallel motion. Figi. 363. and 264. represent the 
radius bars, indfigi. 265. and SG6. the parallel bars. The screws at the end 
of the parallel bars enter holes in the cross bar shown in Jigt. 267. and 
S68., and to the eileriar bearings of the same cross-bar the radius-bara are 
attached, the other ends ot thoM bars being attached to studs fixed to tha 
spring beams in the line of the piston-rod. 

J^. SS9. and 3T0. represent the back links, the npper bran of -which 
enoircle* the air-pimip stnd in tbe beam: the middle btaas receive* tbe 
eroia-head on tha top of the air-pump rod, and the lowcit braaa connecta 
with the cross-bar of back links, fg. 266., thnm^ tbe oral hole in which 




d^ 
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tbe air-pamp rod piwri 
The Mctumal uca t^ the 
baek liiikiiiiiud« the tune 
Mtlut of tbckir-pampTod, 
which U one tcDth of the 
diMMter of the ur-pump^ 
or one twentieth of the dul- 
meterofthecrliiider. The 
■eclioiMl «n* therclbre <^ 
the two tack link* tidcen 
together if eqiul to the treB 
of ft eircle oae twentieth of 
tile diameter of the cjlin. 
derj bat is practieethej 
•re gGDenll; nude <tf 
■omawhat urongerprtipor- 



ofthem 



j. aa eiptauation 
mer in which the 
parauei motion act*, and at 
page 100. we hare giiea 
rulei for eomputiDc the 
lengthi of the principal 
rodi and leTcra, while at 
pagei 136. and 1fi4. we 
Life given tlie Rrengthi 
of tlie parta in ensiuea of 
different powera. The best 
proportion ment of the pa- 
rallel moliona of land en- 
ginci, and that now f<d. 
lowed nnlveraally, eoniiitt 
in making the radioa and 
parallel rods of exactly the 
nme length, and tbii length 
equal to half the radio* of 
the great beam. The itod 
from which the back link* 
are hong ia in this cim *i- 




ftrt r^Ti~rm ra] 




tnaled midway between the main centre and the end sti^ of th« 
beam, and the itudi in the spring beams roond which the radina ban 
move, are in the aame vertical line ai the centre of dte ejlinder. To 
Snd, therefore, the right poaition fbr thoae eluda, meamre down perpeiMli- 
cnlarly fh)m the centre of the end itnd, when the beam i* level, to a dia- 
tance equal to the leaglh of the main or back link*, and at Ihi* diataaee 
draw a horiiontal line on the inner tide* of tbe ipring beama. Then aet 
off fh>m the main centre on thii line the diftanoe between the main centre 
and centre of tbe cylinder: the point of interaection i* the right pontion 
of the itad* in lbs spring beam* to which the radio* or bridle rods are 
attached. In Mr. Wait's early engine* the radina rodi were made longer 
than the parallel roda, and were attached to a abaft which paased acroes 
between the spring beama clear of the end of the working b«am ; bot the 
_!.__) practice now ii to introdttee Und* into the apriiig beama, wbereby 
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the parallel Bad radius ban nuf be nude of the nine length, and thiiiiin 

tterj lay i preferable amnffement 

The back linkg and tbe main links are alvBTi of the tame length, and 
tfaeir length vai, according to Mr. Watt's practice, three-Mrenth* of the 
atroke, bnt they are now generally made half the length of the itroke, or 
the length of the crank, oa we have already listed. The air-pump eniai 
bead is inserted in the back lioka at the middle of their length. This 
point in the bock linka movei, it a obTioiu, in the vertical line, for as the 
top of the linkifoUowB the matioo of the main beam, and the bottom that 
of the radim ban, which have the same radius and the same length of 
motion u the stud iu the beam from which the links are suspended, the 
central point of the links will have motion in a curve equally removed 
ftam that of each end, whieh will be * atraight line very nearly. The line 
traced by the parallei motioD ia not precisely a straight line, bat a species 
of S curve \ it approaches to a atraight line, however, with sufficient near- 
ness for every practical purpose. Notwithstanding the elegance of the 
paiallel motion, as an expedient for mainlaiiuDg the perpen die alar position 
of the piston-rod, it ia questionable whether goidea are not to be preferred. 
In America they are very generally used, even with very long strokes and 
very short beams ; and in some of (he ateam vessels in this country they 
have been substituted with advantage. The adjustment of parallel motions 
ia a difficult task In the hands of ignorant persona ; and nuless the parallel 
motion be very true it will be difficult to keep good packing in the atuffing- 
boi, and tbe cylinder will apeedily be worn ovbL If guides be used, it 
appears Co us expedient that they should consist of atrong round rods, and 
that the eyes si the ends of the cylinder cross-head should be formed into 
ttoffiug-boicg, wbiob may be tightened up when the holes wear. The ends 
of tfce rods must rest in soi'kets cast on the cylinder, and the cylinder 
cover sboald not be made tight with gasket, which may be compressed 
more in one part than in another, but should be formed with a metallic 
jrant If a parallel motion, however, be preferred to the guides, we should 
anggest its being made in fewer pieces. We see no use whaleier in 
making Che main or back links to consist of pillars and strapa. Engineer* 
have become wedded to this species of architecture, and the combination is 
aatisbctory to their asaocistiona, but unbiassed judges, we humbly conceive, 
woold prefer suitable pieces of solid iron, with holes and brasses in lh< 
right places. If guide-rods be used, however, such ss we have suggested, 
it will be necessary to make the lower portions of the main links with 
strapa and cutters, as in tbe connecting-rod of a marine engine ; as the 
stuffing-boxes st the ends of the cross-head, for the reception M tbe guide- 
rods, could not be passed through holes In the links. 

Figt. 371. and S7S. represent the air-pump croaa-head, which fits into 
the central brasses of the back links. F^. 373. it the pillar which fits 

Fis». an, a7s. 




between the brasses 
ST4, 975, and 37B., be muo- 
ent views of Che braaaea, &c 
of the air-piunp cross-head. 



Kof parallel motiDns we 
already given iu page 
136: the parts appertuning 
to the idr-pnmp are made of 
the die that would be requi- 
site for a cylinder of the 
same diameter. 

I^ 177. and 978, are 
Tiewa of the conDecttng-rod, 
whidi ii of cwt-iroe. Mal- 




leaUe iron connectmg r 

nse for land engines, and they ore in every way 
preferable. When the ennnecting-rod is of cast- 
iron, of the form represented in tbe fignre, the 
breadth across tbe arms of the cross is made about 
^Ih of the length of tbe rod \ tbe sectional area at 
eentro of rod £th of the area of the cylinder, and 
the seetJoDsl area at ends of rod ^th of the area of 
the cylinder. Fig. ST9. shows the form of sec- 
tion«l area at centre. The length of the connect- 
ing-rod is generally made about three timea tbe 
length of &t stroke. The diameter of the eiank 
pin it about one sixth of the diameter of the cy- inch— i (Oot 

Under, and is generally mode of caat-iron in land ' 

enginea. Tbe gudgeons of water wheels are 

generally loaded wi^ aboat SOO lbs. for every circnlar inch of their ttau' 
vcTM section, which is iiearly the proportion which obtuns in the end atodi 
of engise-btama, bnt the main centre is ntnally loaded bejmtd this propor- 
tion. To find the proper u— "* - ~-«-!-™ —J—™ .ua.«.^ .- — »» . 
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given wri^t, mnltipt}' ibt wdght in ponndi by the inlcDded length of 
bcariDg exprewed id term* of the diameler, diride the prodad b^ 500, ud 
•xtnct the iqnsre root of th« qnotiral, vbicb i> the diameler in inchei. 
For Dulleable iroB the operation ii ibe sune, but the divisor mij be made 
1000 inllead of 500. Theie Eirengtbs ire not istended to reiiit torsion, bat 
■re those proper for gndgeone. EiperimeBts upon the force re<|ni>ite to 
twiit off cut-iron necks tbow, that if the cube of the diameter of the Deck 
in inchei be multiplied hy 880, the prodact irill be the force of tortion In 
pounds irhich will tviit them off when acting at G inches radial. The 
■trcDgth for caat-iron crank aharii ma^ be detenuined itj malliplying the 
aqnare of the diameler oFlhe cjlinder io inches by the length of the Mroka 
in feet, moltipljing by tbe decimal '15, and extracting the cube root of the 
prodact, which it the proper diameter of tbe shaft-neck In inchet. This 
rule has reference not merely to tonion. bat bIm to the ttrenglb ■■ a gud- 
geon necessary to anatain the fly-wheeL 

We have already, in pages 157. and 165., ^ven rules for determiBlng the 
proportions of flj-«heels. Hessr*. Fenton and Marray u«e the folloiring 
mle toT detennimng the weight of the fly-wheel, which is simpler perhaps 
than those we have given : — Multiply the number of bortei power of the 
engine by SOOO, and divide the prodact by tlie square of tbe velocity of (he 
circnmference of the fly-wheel in feet per second : the quotient is tbe 
proper weight of tbe B^-wheel in bondred weights. To Gnd the weight of 
ibe rin of a flj-wbcclmponndt, multiply the mean diameter of the rim in 
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f^ by the area of its tranivene aection in sqnan biOia, and nnltiply the 
product by t'8I7 lbs. This give* tbe weight of the rim in [toands when 
the sectional area is determined, as may ba done by the rule given at page 
1B7. Mr. Farey gives the following mle for determining the proper qaan- 
tity of catt-iron in a fiy-wheel In cnbicfect: — Multiply tbe mean diameter 
of the rim by the namber of its revoladons per mlnnte, and square the 
product for a divisor; divide the niunber of horse power exerted by the 
engine by the numb^ of strokes the piston makes per minute ; multiply 
the qnolient by the constant number 3,760,000, and divide the pradoct by 
the divisor found as above. Tbe quotient is tbe requisite qnautity at can* 
iron in cubic feet to form (he fly-wheel rim. 

In large engines each arm is east separate, and after having b 
to the central boas, the rim of the wheel i« fitted to the arm* m i . 
In email engine*, sncb as thM of which tbe fly.wheel ii shown a Jig. 180^ 
an arm and a segment are ^enlly cast together. In mill enpnes it u- 
peari expedient to work with • abort stroke and rapid piston, whereby the 
fly-wheel is made more effectnal, or a smaller (me will snfGce. Comlnlied 
oscillating engines, working with a high apeed, will ;a«bablj come into 
extensive use for inmins mills ( and if the arrangements be Jndieioaslj 
made, the fly wheel may m time be dispensed with altogether. 

We have I ■ • - " <-■- ' 

have little m 



ftg.asi. 
-.^si->^—i.j^ — ; ejt 





pn>e««s : it is preferable, »e conceive, to grind 
them npOQ the ihaft, and tbea U> fix theui bj 
meanE of a Elroag iquare key. euch m lluil 
shown b.fij. asa. in cranks which ire put oo 
hot it ia eipedtenl lo recess the crank eje a 
little, 10 ai to enable the collar upon the shafc 
lo enter it, as the crank caalncu lidenayi io 
the Mt of cooliug; aud nnlew the coUar be re- 
ceued, 1 ipace will be ' ' ' 



wUib. 



The 




sliBhtlj- 
taper, ud la flied in by mean* of ■ key. 

As nearly all rotatiTe laikd engiDea give iai>- 
tioD to mill-work, we ittall here give lonie rule* 
for proportiODiiig the teeth of wheeU- Tbe 
diamaten at tootlied wheela ihoold olwaya be 
■neh M to enable a aumber of teeth to be in 
action at the same time i and pininniiboaldnM 
hare len than tbirn or tbrty teeth to enable 
them to work aatii&Ctorily. Bevelled wheel* 
act better than ipur wheels, and wheel* with 
internal teeth better than either ; for the more 
nearly the lines of motioD approximate, with 
the leia Telocity and ihock will tbe teelb come 
U^ether. Wheels uv nsually made wkb one 
tooth more or less than a number that will di' 
vide the teeth of each equally : this tooth ii 
called a " hnnting cog," and its effect ii to bring 
erery tooth of the one wheel succesiiiely in 
ooDtact with eTeri tooth of the other. In tpeeda 
»bo*e SSO feet m the minute, wooden teeth 
■hould be introduced in tbe larger wheel, and 
these teeth ihoold be a little thicker than the 






eogth. 



To And the proper dimensions of Ibe teeth of 
a catt-iroa wheel which ii required to transmit 
a given power, Mr. Farey proposes to molliply 
the diameter of the pilch circle in feet by the 
nnmber of reTolntiooi to be made per minute, 
Budreserre the product (bradivisor. Multiply 
the nnmber of horae power to be inuilmitted b^ 
SiO, and divide the product by the above divi' 
ior : the quotient is the itreagth. If the pitch 
be given, to find the breadth divide the above 
strength by the square of the pitch in inches { 
or if the breadth be given, then to find the pilch 
divide the Etrengtb by the breadth in inches, 
and extract the sqoare root of tbe qnotient, 
which ii tbe proper pitch for the teeth in inches. Mr. Hick gives the fol- 
lowing mle fbr oomputing the power that the teeth of wheels are curable 
of transmitting: — llnltiply one (burth of tbe squire of the pitch in iticbes 
by the breadth of the teeth in inches : the prodnct is the number of horse 
power that the teeth will transmit when tbe pitch line passes throngh i feel 
per second. The length of Uie teeth, or ^eir projection from the rim of 
the wheel, i* nsually about fire eighths of the pitch. The breadth of teeth 
varies from 1| to 4 time* the pitch, the greatest breadth being made where 
there ia the greatest liability 10 wear. If only one pair of teeth be sup- 
poaed to be in contact, the force transmitted by teeth in average eases may 
be taken at £50 Iba. fiH* each square inch of surface in contact. In several 
reeent instance* wheeli have been made m steps, or a wide wheel has been 
oonponnded of several narrow wheels set in contact on the tame shaft, 
b«t the teeth of «ad flightly in advance of the teeth of the next sno- 
ceeiUng, lO that the pitch is divided, and th« caeesaary strength is recon- 
ciled with what is virtnallj a fine pitch. 

Figt. S88. and 1B4. are repreaentaiiona of the eccentric md, and ,fig*. 
S89. to >S9. are view* of the several part* of the governor. We have pven 
In page IM. mba for determining the proportions of govenkori^ and iha 
•magcneatortba paita here flnred win be ^mrehended t^ a raftreDca 
*n^.*a. JV MS. ta the bright revolvbigqniidle on vUek Iha collar. 
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The« apeeds agree' wilh thou given by Mr. Firej, in ■ Uble, from 
which the ibUowing ii an extract : — 



ihown in section with liiei in Jig. 888., ilidei, and 
the curved guide, fig. 289., it fiied. From the top 
of the ipiadle, fig. 3SS., the trmt, fig. 386., are 
■Dipeaded, with the balLi u the end, the Hmu moving 
in the ilit in the CQned guides, fig. 289. The dj- 
Tergeitee or collspie of the balls caasei the collar to 
■lide up or down on the spindle ; and throagh ■ ilit 
■hown in the spindle (wliich ia hollow ), this move- 
conunanicUed to a rod sliding within it, 
which, bva initable attochmeot, moves the throttle- 
valve. This arrangement of governor is very neat 
•nd convenient, and commends itself to gcneial adop- 

Messrs. Bonllon and Watt hare supplied us with 
a statement of the speed of the piston in their en- 
gines of different powers, and it is as fbllowi : 
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Fl. In. 


Feet. 


Ft. In 


Feet 


FM 


"S^r 


FxL 


F«l 


Ungth of stroke - - 
No. of strokes per minute 

Feet tnivelled per minute 


ISO 


3 6 
34 


30 

180 


3 6 
2T 

IBS 


35 


ail 

316 


6 
19 


7 
245 


16 
356 
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CirUud«° 


S^^F^L 
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SpHdinFHt 
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13 
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39 
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37 
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171 
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S5 
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SB 


300 


6-91 
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S3 


307 
207 
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311 
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6-93 


34 


36 
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6-9S 


36 
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38 
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30 


2S0 


6-92 


30 








19 


338 
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SS8 


S-98 


40 












6-93 


45 








17i 
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50 


35 
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it| 


849 


6-91 




38 




7 


17 


S45 


S-M 








8 
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6-M 


80 


*S 






16 


ass 


B-W 


00 








16 


SS6 


«■« 


100 


48 




8 


16 


33S 


6-94 



In this table the pressure is taken to van slightly with the siic of the 
engine ; bat Messrs. Boulton and Watt noti^ to us that, though nich was 
the manner in which they formerly treated the sattJect, they now adopt a 
uniform pressure of 7 Ibs^ on the square inch, as a preferable element of 
GomputatioiL The effect of this substitution i> to make small engine* of a 
somewhat greater nominal power than they formerly were reckoned at, 
which, since the nominal power is now a commercial onit, as well as a 
scientific one, is convenient in approximating the price per horse-power of 
the different sliea. The speed of the piston in feet per minute it abont 
128 times the cube-root of the stroke) and, as has already been men- 
tioned, the nominal horse-power of an engine may be found by multiplying 
the square of the diameter of the cylinder in inches by the cube-root of the 
stroke in feet, and dividing by 47. To find how many millions of pooad* 
are raised 1 foot high by the coasamption of a bushel or 84 lb. of coal: — 
Divide ISE'3S by the number of pounda at coal consumed per bonr by 



tadi hone power : the quotient U the number of million* of poandi niied 
1 foot high b; the connlnption of St Iba. of cottl. A buihcl of Neweattle 
«o«l will vei^h about Si tt»„ hot tbe Welsh coal ii heBvier. 

If a egbic inch of water be nippoeed to prodnoe ■ cnbio foot of tteam, 
and the latent heat of steam at 313° be taken, with Mr. Watt, at 960°, or, 
in other words, tbe cabic foot of steaia be supposed (o eontain as mnch heat 
in the latent form as would raise tbe temperature uf tbe cable inch of water, 
if it could be preTcnted fVom eipsndiog, 960°, then the sum of the lalenl 
ud sensible heats will be represented by 1171°. The temperature of the 
water discharged bj the air-pump is about 100°, which, taken from 1172°, 
leaves 1073°, which must bt taken up b; aneh a qoantity of cold water 
that its temperature will not rise abo^e 100°. If the temperature of the 
injection water be S0°, then (he difference between that and 100°, lit. 50°, 
is available for the abeorption of the heat; and 1073 divided by SO — Sl-14, 
which is the number of times the quantity of ii^'eclion water must exceed 
the quantity of water io the steam. To condeose a cubic inch of water 
therefore in the shape of steam, 31-4t cabic inches of injection water are 
necessary ; bnt inasmuch as the water may not always be as cold as 50°, 
Mr. Watt's practice was to allow a wioe pint, or SB'S cable inches of injec- 
tion water fiir every cubic inch of wnter converted into steam. The capa- 
city of the cold-water pump is asually made fhim one thirty-siith to one 
fony-eighth of the capacity of the cylinder. The injection orifice should 
have an area of about one fifteenth of a sqaatr inch per hone power. The 
capacity of the hot-water pump ihoidd be about one S40th of that of the 
cylinder, supposing that the engine is double-acting, and the pump single- 
acting. The air-pump is nsoally made half the diameter of the cylinder, 
and half the stroke, or ooe eighth of the capacity. The power requisite to 
work the air-pump is from one thirtieth to one fortieth of the power of the 
euginb The openings through the foot and delivery valves are made of 
about one fourth of the area of the pump. The internal diameter of the 
steam-pipe may be found by dividing the horse power bj 'S, and extracting 
tbe square root of the qnotienl. We shall reserve what we have to say on 
the snigect of bolts until we oomc to speak irf tbe holding-down bolt* of 
marine engines. 

There are many other kinds of parallel motion besides those which we 
have mentioned, bat there are none of them of sufficient importance to 
jastity ft lengthened deacriptton. Fig. 2»0. represent* a spedes of [Mtallel 



Fig. 190. 
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or link ; but a slide works slack sideways, and is not ististkctory in practice. 
The oombination might be improved l^ causing tbe sliding ends of the rods, 
which in some ease* arc used instead of a lever, to work into stofflog-bos 
tubes hung on a centre, so as to enable them to swivel. The rods, n loon 
as any wear took place, oould be tightened afresh by scrawing op tb* 




motion invented by Mr. James While, and published in hii " New Century 
of Inventions," in IBOl. It depends on the principle that an encycloid^ 
enrve. formed by one circle rolling within another, becomes a straight line 
when the diameter of the outer circle is just twice that of the inner one. A 
large wheel, with teeth on its inner eircomference. is fixed on a firame 
eoncentric with the axis and circle of the crank. A wheel with 
external teeth is fixed freely on the crank-pin and (he point of attach- 
ment of the pi«tou-rod. By this arrangement the small wheel is com- 
pelled, by the preisare of the piston-rod opwards, to roll round tbe 
great circle, ascending on the one side, and descending on the other, so 
that the distance of the end of the piston-rod fr^m the point of contact c^ 
the circle* is always equal to the distance of the circle fhini the diameter. 
The Ihnlt of this species of parallel motion is, that the socket in the centre 
of the tevrinng wheel i« exposed to a strain equal to twice that on the 
pHtOD, and which it cannot conveniently be made long enough to resist, so 
that it is liable to break or speedily shake loose. In the plate of direct- 
action engines, various modifications of the parallel motion will be observed. 
Is the Gor^ engine, by Messrs. Seaward, the parallel motion is fbnned 
by tb« appliealion of a radius-bar to the air-pump lever, whereby one radius 
Is mad* la ooanleracl the other — the centre of the lever resting npon a 
}oi]Mad pillar, in order to enable the cylinder end of the lever to move up and 
down in a vertical line. This ^eeiea of parallel motion ii«ometlme*m»de 
wkh a hotiiesnal did« for the centre to more in, iiMtcad of a vibrating plUr 



Ct/U^Jer — In the marine engine the cylinder-bottom is more frequently 
cast in, than in land engines, and a plug of metal is fitted into a hole in the 
centre of the bottom, which is left to allow the boring-bar to pass through. 
It is necessary that the cylinder should be bolted very firmly to the sole 
plate, as in engines which exhaust at (he under side of the vslve-casing, an 
air-tight joint has to be made between the sole pU(e and the part of the 
cylinder-bottom next to the valve. A cylinder of about 6 feet diameter is 
usually made about l\ inch thick, and the metal should be hard as well 
as solid. Messrs. Maudslay'c practice in side-lever engines is to cast the 
cylinder-bottom in, up to 60 inches diameter, and above that sisc they pre- 
fer casting the cylinder open s( the bottom, and making the bottom oat of 
the sole-plate. A projection is cast on the sole-plate, to go a certain dis- 
tance into the cylinder, with a space hollowed out for the cylinder- port. 

The bottom jomt should not be of rust, but metal to metal the bottom 

flange of the cylinder and the place on which it rands on the tole-plate 
being both faced in the boring-mill. The cylinder-cover should fit so 
nicely as to be tight, by interposing a piece of lead or a ring of wire gaoM, 
smeared with white or red lead. In oscillating engines the cyliDdcc-botlom 
is generally cast in, whatever be the size of the cylinder. 

The valve-casing should be attached to the cylinder by means of • 
metallic joint, or, in other words, by fitting the surftces so accurately that 
a little red lead interposed will make them tight. The valve-casing can 
thus he easily remov^ at any time to repair the valve faces ; whereaa, if 
thejoint of the casingbe of rust, the removal of the casing is an operation 
of much difficulty. The attachments of the cylinder to the diagonal stay 
are very generally made too small ; that is, the sur&ce is too small, and 
the flaoge too thick. A very thick flange cast on any particular part of a 
cylinder endangers the sonnduess of the cylinder by inducing an unequal 
contraction. It is much the best way to make the flange for the framing 
thin, and the surface large. Tbe bolls, too, should be Inmed bolls, and 
nicely fitted. Some persons make them with a nut at both ends, the body 
of tbe bolt being made with a little taper -, and the ant which answer* to 
the head Is screwed up after the conical pan of the bolt has been drawn 
into the hole by the nut at the poinL The olqect of diis plan is to facilitate 
the fitting; but if the fitting be well done, it is nnimporlsnl whether it i* 
done in this way or any other. 

Cylinders are not now usnally made with steam-casings, yet experiment 
has satistkctorily proved that there ii a loss of power consequent on th^ 
relinqnishment. It is not very easy to discern the cause of this loss, a* 
there is more redialing sur&ce in the casing than in the cylinder ; yet the 
existence of the loss is very certain. Mr. Watt, in some of his early trials, 
discontinued the steam-jacket; and he fouDd the consumption of fuel to be 
materially inoreased. He Iherefore again resumed it, but it has been again 
discarded in most of the modem engines, except those of the Cornish con- 
ttruetion. Escape- valves, for letting out any water that may enter with the 
steam, are now usually employed in marine engines: they may in mom cases 
be applied convenientiy to the ports of the cylinder, as shown in the details 
of engine* of the West India packets, and may be kept shut by a spring. 
in the same manner as the safety-valve of a locomotive. Kseape-talves 
should be placed on that aide of the cylinder which is nearest the side of 
the ship ; so that (he attendants may not be scalded by the issuing waler if 
the engine primes. The escape-valve is shown beneath the " Plan of Cy- 
linder " in the West India mail engine details ; and to those details the 
remarks which follow are to be undenlood to refer, except where specified 
to the contrary. In baring cylinders of It inches diameter, the boring- 
bar must make one revolution in about i{ minutes, so that the cullers will 
move at the rate of about 5 feet per minute. In boring brass the speed 
must be slower ; the common rate at which the tool moves in boring brass 
air-pomps is abont 3 feet per minute. If this speed be exceeded the tool 
will be spoiled, and the pump made taper. Tbe speed proper for boring a 
cylinder will answer for bonag the brass air-pump of the same engine. A 
brass air-pnmp of 86^ inches diameter requires tbe bar lo mtkt one turn in 
about 3 minutes, which is ilso the speed proper for a cylinder 60 inches in 
diameter. To bore a brass air-pump 364 inches in diameter requires a 
week, an iron one requires 48 hours, and a copper one 34 hours. In tnm- 
ing a malleable iron shaft, 13] inches in diameter, the shaft should make 
about five turns per minute, which is equivalent to a speed in the tool of 
about 16 feet per minute, A boring-mill, of which the speed may be varied 
from one turn in six minutes to twenty-five turns in one minute, will he 
suitable for all ordinary wants that can occur in practice. 

Piston. ^-We have nothing further to say on the sntyeet of ^stona, after 
the various specimens we have already given. The proportion of taper 
given to the piston-rod where it fits into the piston, in the West India mail 
engines is a good one ; if the taper be too small, Ihe rod it drawn throngb 
the bole, wul th* pitton is spUt, Small groove* are tamed out of tbit pston- 
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rod above and below the catter-hole, and hemp is introdaced, in order to 
make the pUton-eye tight Most piston-rods are fixed to the piston by 
means of a gib and cutter, as shown in the plates of details, bat in some 
cases the upper portion of the rod within the eye is screwed, and it is fixed 
into the piston by means of an indented nut. This nut is in some cases 
hexagonal, and in other cases the exterior forms a portion of a cone, which 
completely fills a corresponding recess in the piston. But 
Fi^. 291. nuts made in this way become rusted into their seat after 
some time, and cannot be started without much difficulty. 
Messrs. Miller, Ilavenhill, and Co. fix in their piston-rods 
by means of an indented hexagonal nut, which may be 
started by means of an open box key. The thread of 
the screw is made flat upon the one side, and much slanted 
on the other, whereby a greater strength is secured, with- 
out any disposition to split the nut When pistons are 
made of a single ring, or of a succession of single rings, 
the strength of each ring is tested previously to its intro- 
duction into the piston, by means of a lever loaded by a 
TOP OP DON juANi hcavy weight The old practice was to depend chiefly 
pirroN-BOD. npon grinding, as the means of making the rings tight 
upon the piitton or upon one another ; but scraping is now 
chiefly relied on. A slight grinding, however, with powdered Turkey stone 
appears to be expedient, which may be most conveniently accomplished by 
setting the piston on a revolving table, and holding the ring stationary by 
a cross piece of wood while the table turns round. Pieces of wood may be 
interposed between the ring and the body of the piston, to keep the ring 
nearly in its right position ; but these pieces of wood should be fitted so 
loosely as to give some side-play, else the ring will wear itself into a 
groove on the piston. Messrs. Penn grind their cylinders after they are 
bored, by laying them on their side, and rubbing a heavy piece of lead, 
made to the curve of the cylinder, and smeared with emery and oil, back- 
wards and forwards by hand, the cylinder being gradually turned round, 
so as to subject every part successively to the operation. The pistons are 
also ground into the cylinders with great care, so that they are perfectly 
tight from the conmiencement Messrs. Penn's piston for oscillating en- 
gines has a single packing ring, with a tongue-piece, as in Messrs. Mauds- 
lay's and Messrs. Miller's arrangements, figured in pages 197 and 193. 
The ring is packed behind with hemp-packing, and the piece which covers 
the joint is made of sheet copper, and is indented into the iron of the ring, 
so as to offer no obstruction to the application of the hemp. The ring is 
ground to the piston only on the under edge: the top edge is rounded fh>m 
the inside to a point, and the junk-ring does not bear upon it, but the 
junk-ring squeezes down the hemp-packing between the packing-ring and 
the body of the piston. The metallic packing of the piston consists of 
a double tier of rings, cut into numerous segments. We approve of the 
plan of adding a nut to the top of the piston-rod, in addition to the cutter, 
for securing the piston-rod to the cross-head, as shown in fig, 291., where 
the piston-rod is 7 inches in diameter, and the screw 5 inches : the part of 
the rod which fits into the cross-head eye is 1 ft 54 inches long, and tapers 
from 6^ to 6^ inches diameter. The proportion of taper is a good one : if 
the taper be less, or if a portion of the piston-rod within the cross-head eye 
be left untapered, as is sometimes the case, it is very difficult to detach the 
parts from one another, and we have known great inconvenience to be thus 
occasioned. 

Cylinder Cover. — The cylinder cover in plate of details is cast close, and 
a few holes are left for takmg out the core by, which holes are afterwards 
plugged up. An annular recess is left in the under side of the cover, for the 
accommodation of the heads of the piston-bolts. The gland of the stuffing- 

Fig. 292. 




stuffing-box of the Don Juan steamer, cylinder 68 inches diameter. This 
appears to us better than that of the West India packets : there is a great 
advantage in a deep stuffing-box, especially in the case of vessels intended to 
perform long voyages. Fig, 293. represents the cylinder cover of a Comith 
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box 18 shown on a larger scale on the same plate. Fig. 292. represents the 
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engine. The stuffing-box is provided with a lantern brass, into which steam 
is admitted by a small pipe. There is packing both above and below 
the lantern brass, the purpose of which is to prevent any leakage of air by 
the stuffing-box; for even if the packing be defective, it will be steam thai 
leaks in, which is condensable; and such a leak, though it will increase the 
consumption of fuel, will not diminish the power of the engine. It is the 
usual practice to interpose between the cylinder cover and the cylinder 
flange a gasket-ring as a joint ; but a joint of this kind leaks air impercep- 
tibly, and it is better to make the surfaces very true, and to interpose either 
a ring of sheet-lead or a liule red-lead putty. It appears expedient to ns 
that all marine engines should be furnished with steam-jackets, and should 
also be furnished with spaces in the cylinder-cover and cylinder-bottom for 
the admission of steam. I^rge engines, too, we conceive should be fitted 
with the lantern brass stuffing-boxes. Fig. 294. represents the stuffing- 
box of the Trident, the engines of which are of the oscillating kind by 
Messrs. Boulton and Watt The extra depth of this stuffing-box is 
necessary, to counteract the tendency to 
wear oval. This tendency, although its 
existence is undoubted, has not been 
found to occasion much inconvenience in 
oscillating engines, although great fears 
were entertained on that score by the 
adherents of more antiquated engineer- 
ing mechanisms. It should be borne in 
mind also, that even in engines with the 
ordinary parallel motion the stuffing-box 
has a tendency to wear oval, which may 
be perceived if attention be paid to the 
setting of the parallel motion. If the 
piston be moved through a stroke, the 
gland will be found to move easily upon 
die piston-rod at some points, and be 
jammed up tight in the stuffing-box at 
other points of the stroke ; inequalities 
which clearly show the existence of a 
very sensible deviation from a perfectly vertical motion. The brass dome 
attached to the gland and embracing the rod, is an excellent addition ; it 
keeps the grease employed to lubricate the rod, from being spilt, and pre- 
vents grit and dust from getting into the gland, whereby in common en- 
gines the rod is frequently much scratched and injured. Metallic packing 
in the stuffing-box has been used in some engines, consisting in most in- 
stances of one or more rings, cut, sprung out, and slipped upon the piston- 
rod, before the cross-head is put on, and packed with hemp belund. This 
species of packing answers very well when the parallel motion is true, and 
the piston-rod free from scratches, and it accomplishes a material saving of 
tallow. In some cases a piece of sheet-brass, packed behind with hemp, 
has been introduced with good effect, a flange, notched to permit the bend- 
ing, being turned over on the under edge of the brass, to prevent it from 
slipping up or down with the motion of the rod. 

Slide'vaive. — The slide-valve represented in the plate of detiuls is that 
known as the long D. The valve-rod is attached to a cross-bridge in the 
plane of the under face, and the spring npon the rod is sufficient to allow 
the valve to be tightened up as the hce wears. In short D valves, where 
the valve-rod is very short, the eye which attaches the valve to the rod has 
to be made oblong, fig, 295., or else the holes of the casing-cover have 
to be made oval, so as to enable the valve-cover to be advanced nearer to 
the cylinder, as the valve face wears. The valve-packings are introduced 
by doors at the back of the valve-casing, and are F^ned by blocks, of 
which one is shown in the same plate as the valve. Thia block, it will be 
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remarked, is in three pieces, whidi are tongned to one another ; it is prened 




cut therein. The [turpose of this bu u t« prevent the «tnin requisite for 
tightening (he packing From being thrown npon the packing-door, vhich 
would spring it oQl, snd might esiue the joint of the door to leak. In gome 
CMes the screws by which the packing is pressed, pass through the door, 
and are made tight by a jam-nut, with a reees*. into which a turned part of 
the nat enters, as shown in Jig. 297. — ■ hemp washer being interpmed at 
th« point of contact, and this we think is the preferable practice. In the 
pisle, howerer, a differetit plan is shown, which is again represented in 
Jig. 298. The packing-acre ws do not pass through the doon, but are kept 
short 1 and opposite to each screw a ping is situated in the packing-door, 
which has to be withdrawn when the packing is to be tightened. In each of 
the«eplngsasniallreceBBiBlurnedout,for the reception of aring of hemp. 
This recess is better half-ronnd than square. 

Fig. 2B9. 





Some packing-blocks are tightened sideways, by screws which are in- 
serted in the sides of (he packing-ports ; but in the plate the block is tight- 
ened by iu own wedge-shape point, which presses against another wedge- 
formed piece, east on the valre-cssing. as will be imderstood by a re- 
ference to Jig. 299. In some cases the end of the packing abnts npon 
the cylinder face, but generally it overlaps two or three inches in luge 
engines, and a piece, a. Jig. 300., la caal on each side of the cylmder- 
port, in continuation of the circle of the valve, to fnmieh a anrface npon 
which the packing may press. By this expedient the chance of leakage at 
the comer of the valve is diminiahed, and the length of the packing need 
not be adjusted with such critical exactitude as is necessary by (he other 
arrangement. In some engines the packing of the valve is put in like that 
of a piston, and ia pressed down by meant of a jnnk-ring, but (hat plan ig 
now little resorted to. Metallic packmg has been tried in D valves, but 
only with very moderate snccess. The kind that has answered best is a 
piece of sheet brass, thinned at the ends, bent to the shape of the valve, 
and packed behind with hemp. We believe the D valve will now give place 
to the equilibrated valve employed by Messrs. Fenn, and of which we have 
*tre«dy given a description at page 199. 
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We hsveeiperiencedagooddeal of trouble with every mudiflcatioa of valve 
races I but cast iron working upon cast iron is perhaps the best eomtnna* 
uon yet introduced. The naoal practice is to pin brass ftee* on the 
oylinder, allowing the valve to retain its cast-iron &ce. Some makeiB 
employ brass valves, and others pin brass on the valves leaving the cylinder 
with a east-iron &ce. Speculum metal and steel have been tried fi>r the 
cylinder &ces, but only with moderate success. In some cases the brass 
gets into ruts ; but the most prevalent affection ia a degradation of the iron, 
owing to the action of the steam, and the bee assuming a granular ap- 
pearance, something like loaf sugar. This ac(ion shows itself only at 
particular sputa, and chiefly about the angles of the port, or valve face. At 
Srst (lie action is slow i but, once the steam has worked a passage for itself, 
the cutting away becomes very rapid, and in a short time it will be im- 
possible to prevent the engine f^om heating when stopped, owing to the 
l^age of steam through the valve into thccondenser. However truly the 
D valve may be fbrmed at first, the face will become slightly hollow by the 
application of heat, as the circnlar will expand more than the straight part, 
and the packing resists the enlargement of the circle. The cross-section 
will therefore assume something of the tbrm shown in Jig. 301, where the 
dotted line represents the origioal position of the face ; and on examining 
a valve newly put in action, it will generally be found that it presses hardest 
on the tails. The face therefbre should be made slightly rounded in the 
mannfacture ; and if the engine is a large one, (he cylinder must not be 
faced when lying on its back, unless it has been wedged up (o the form it 
assumes when E(anding on end, else the partial collapse c^ the cylinder will 
caose the face to become untrue. Copper steam-pipes seem to have some gal- 
vanic action on valve faces, and malleable iron pipes have sometimes been 
substituted t but they are speedily worn out by oxidation, and the scales of 
mat which are carried on by the steam, acratch the valves and cylinders, so 

I that the use of copper pipes ia the least eviL The valve-rod In that part 
opposite to the steam-port is ollen much wasted by the steam ; it ther^re 

I appears expedient to surround it by a copper pipe where an injurious action 
is to be apprehended. The valve-casing shown in the plates is made close 
at the bottom, the exhaustion being accomplished by the upper eduetion- 

I pipe. In cases in which exhaustion is performed ^m below, it is expe- 
dient to cast two projections on the sole-plate, to prevent the valve from 
falling down inconveniently far when the valve links are taken o£ There 
is no ex pan! ion joint introduced in the valve-casing of these engines, which 
is a serious defect, as the steam gains admission to the valve-casing before 
it can enter the cylinder, and the joints are damaged, and in some eases the 
cylinder is cracked, by the inequality of expansion of (he cylinder and 
valve-casing. 

In &cing a valve recoorte is had to the use of a face plate, to ensure the 
accuracy of the work. To ascertain whether the (ace plate bean equally, 

I smear it over with a little red ochre and oil, andmove the fltce plate lightly, 

. which will fix the colour npon the prominent points. This operation is 
(o be repeated freqnenUy, and as the work advances, the quantity of colouring 

I matter is to be diminished, until finally it is spread over the face plate in a 
thin film, which only dims the brightnesa of the plate. The sorftcea at 
this stage must be rubbed firmly together to make the points of contact 
visible, and the higher paints will become slightly clouded, while the other 
parts are left more or lees in shade. If too small a quantity of colouring 
matter be used at first, it will be difficult to form a just conception of the 
general state of the surface, as the prominent points will alone be indicated, 
whereas the use of a large quantity of colouring matter in the latter stages 
would destroy the delicacy of the test the face plate afioMs. The scraping 
tool should be of the best steel, and should be caretiilly sharpened at ^ort 
Intervals aa a Torkey slone, so as to maintain a fine edge. A flat file bent, 
and sharpened at the end, makes an eligible scraper for the first stages ; 
and a three-cornered file, sharpened at all the cornen, is the best instru- 
ment for finishing the operation. The number of bearing points desirable 
on the surface of the work depends on the use to which it is to be 
applied, but in any case the bearing paints should be distributed equally 
over ttie snrfaoe. Great care must be taken in fitting valve-&oes that 
the valve be not made conical ; nnless the back be exactly parallel with the 
face, it will he impossible to keep the packing fKim being rapidly cut away. 
When the valve.is laid npon the fsce-plale, the baclt roust be made quite 
fair along the whole length, by draw-filing, according to the indications of 
a straight edge; and the distance from thef^ totheextrente height of the 
back must he made identical at each extremity. Should a hole occur either 
in the valve, in the cylinder, or any other part where the surAce requires to 
be smooth, it may be plugged up with a piece of cast-iron as nearly a« 
possible of the same texture. Bore out the faulty part, and afterwards 
widen the hole with an eccentric drill, so that it will be of the lost 
diameter at the month. The hole may go more than halfthroughtheiron: 
fit (ben a plug of cast-iron roughly by filing, and hammer it into the hole, 
whereby the ping will become rivetled in, and its sorface may then ba 
filed smooth. Square pieces may be let in after the same fashion, the hole 
being made dovetailed, and the pieces thns fitted will never come out. 

Brass faces are put upon valves or cylinden by means of small brass 
screws, tapped into (he iron with conic*! necks for the retention of the 
brass : (hey are screwed in by means of a sonare head, which, when the 
screw is in its place, is cut off and filed smootn. In some cases the face i« 
nude of extra thickncM, ud k rim Dot lo thick nns round it, fonning a 
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ttep or recess for the reception of brass rivets, the heads of which are clear 
of the face. 

Atr-pun^,'--The air-pamp is attached to the sole-pUite bj a rust faucit 
joint, which is preferable to a mst flange joint, as the salt-water eats away 
the heads of the bolts, unless thej are copper ; and if they are copper, they 
waste the iron. The oil and grease which fall from the crank-pin upon 
the sole-plate, deoxidise the rust of a flange joint, whereas with a faucit 
joint* suitably made, they cannot remain in the same intimate contact. 
Short steel keys should be driven into the faucit in several places before the 
joint is made, but they should not rise to the top of the faucit so as to divide 
the joint into segments. 

The air-pump bucket is made with a junk-ring, whereby the packing of 
the bucket may be easily screwed down. The valve is of the spindle or 
pot-lid kind. The foot and delivery are of the flap or hanging kind. These 
valves all make a considerable noise in working, and are objectionable in 
many ways. Valves of the same construction as those known as Harvey 
and West's, which are similar to those shown in Jig, 242. have been em- 
ployed with advantage by Messrs. Rennie ; and valves on Belidor's con- 
struction, which is in effect that of a throttle-valve bung off the centre, 
were some years ago proposed by us for the delivery and foot-valves. 
Some delivery-valve seats are bolted into the mouth of the air-pump, 
apparently in the conviction that the pump-bucket never requires to be 
looked at If delivery- valves be put in the mouth of the air-pump at all, 
the best mode of fixing them appears to be that adopted by Messrs. 
Maudslay. The top of the pump-lwrrel is made quite fair across, and upon 
this flat surface a plate containing the delivery- valve is set, there being a 
small ledge all round to keep it steady. Between the bottom of the stuffing- 
box of the pump cover and the eye of the valve-seat, a short pipe extends, 
encircling the pump-rod, its lower end checked into the eye of the valve- 
seat, and its upper end widening out to form the bottom of the stuffing-box 
of the pump-cover. Upon the top of this pipe some screws press, which 
are accessible from the top of the stuffing-box gland, and the packing also 
aids in keeping down the pipe, the function of which is to retain the valve- 
seat in its place. When the pump-bucket has to be examined the valve- 
seat may be slung with the cover so as to come up with the same purchase. 
For the bucket-valves Messrs. 31audslay employ two or more concentric 
ring-valves, with a small lift These valves have given a good deal of 
tnmble, in consequence of the frequent fracture of the bolts which guide 
and confine the rings ; but their principle appears to us superior to that of 
any of the other air-pump valves at present in common use, with the 
exception of the equilibrated- valve, known as Harvey and West's, in which 
it is preferable that the hce should fall in a groove filled with end-wood. 
It would not be difficult to make this groove so that the water would have 
to ba ibrced out of it during the descent of .the valve, whereby the shock 
i^ovld be stiU further diminished. It would be preferable, however, if all 
these valves could be discarded in favour of a slide-valve, which it appears 
to OS might be applied to the air-pomp with much advantage. 

The air-pump bucket and valves are all of brass, and the chamber of the 
pnasp is lined with copper. It is now a common practice to make the 
chamber of the air-pump wholly of brass, whereby a single boring niffices. 
When a copper lining is used, the pump is first bored out, and a ^nt sheet 
of copper is introduced, which is made accurately to fill the place, by ham- 
mering the copper on the inside. Munts*s metal is sometimes used instead 
oi copper, and Munts's metal air-pump rods are now as generally used as 
eopper rods or iron rods covered with brass. Iron rods covered with 
brass are not to be commended ; they generally are wasted awav where the 
bottom cone fits into the bucket-eye, and if the casing be at all porous, the 
water will sometimes inraiuate itself between the casing and the rod, and 
eat away the iron. If iron rods covered with brass be used, the brass- 
casing should come some distance into the bucket-eye ; the cutter should 
be of brass, and a brass washer should cover the under side of the eye, so 
as to defend the end of the rod firom the salt water. Rods of Muntz*s metal 
are, probably, on the whole to be preferred; and it is a good practice to 
put a nut on the top of the rod to secure it more firmly in the cross-head 
eye. The part which fits into the cross-head eye should have more taper 
when made of copper or brass than when made of iron ; as if the taper be 
small, the rod may get staved into the eye, wherebv it will be so firmly 
fixed as to m|JLe its detachment a difficult operation. Metallic packing 
has in some instances been employed in air-pump buckets, but its success 
has not been such as to lead to its further adoption. 

Sok-plate and Omdauer, — Every marine engine, of the side-lever kind, 
should be constructed with a sole-plate ; and we think it the best way that 
the condenser be cast upon the sole-plate. Engines unfhrnisbed with sole- 
plales, and with joints between the valve-casing and condenser below the 
level of the keelsons, are extremely objectionable. Those joints, either 
fnm. the working of tiie ship — the movement of the cylinder or condenser 
— the deoxidising effect of the oil spilt about the machinery — or the 
eombination of all these causes — will be sure, sooner or later, to become 
leaky ; and it is almost impossible to remake or effectually staunch them. 
Messrs. Maudslay and Co., in their West Indui mail packet engines, 
bolted the condenser to the lOMier-side of the sole-plate ; by which expe- 
dient the rust-joints are preserved, in a ^at measure, from the action of 
the grease, and firom any strain or vibration consequent upon the yielding 
of Ae condenser or cylinder. Messrs. Miller and Co. adopted the same 
arrangement of condenser, bat eoit the condenser upon the sole-plate. 



There are very few of thd engbes made in Scotland in which the eon 
denser is not cast upon the sole-plate ; and in almost all of them the greater 
part of the condenser is situated above the sole-plate, and the main-centre 
passes through it The height of the condenser, in this arrangement, has 
the advantage of enabling the air-pomp to drain it of water very effectually; 
but the same object is accomplishable by the use of a very large eduction- 
pipe immediately behind the valve-casing into which the injection-water 
is admitted, and which thus becomes, in effect a tall condenser. This 
latter is the arrangement of Messrs. Maudslay and Messrs. Miller. It has 
the advantage of leaving the space usually occupied above the sole-plate 
by the condenser, free and unperplexed bj any species of machinery except 
the main-centre, which is supported by pillow-blocks resting or cast on the 
sole-plate. 

The practice of passing the main-centre through the condenser, either 
with or without a pipe, is objectionable. A pipe is calculated to make the 
sides of the condenser crack bv unequal contraction, and the absence of a 
pipe endangers a leakage of air round the main-centre joint The keys 
employed to fix the main-centre will sometimes occasion trouble, flrom be- 
coming loose ; and, in some instances, we have known a main-centre boss 
to be split, from the keys being driven too hard. It all cases the thickness 
of metal requisite in the condenser sides for resisting the strain of the 
main-centre, will make the sides more liable to crack, in consequence of 
being suddenly cooled. Upon the whole, the practice of securing the 
main-centres by plummer-blocks appears greatly preferable: when the 
main-centre is made to pass through the condenser, the hole should be 
bored out and the main-centre ground in with a little taper. It is the 
usual practice in engines which have the main-centro passing through the 
condenser, to set the hot well on the top of the condenser, and this is the 
arrangement in the engines of which we have given the details. A part of 
the hot well is divided off, to serve as an eduction-passage for the eonvey- 
ance of the steam from the superior part of the valve-casing. By tms 
arrangement there is no danger of water running from the condenser back 
into the cylinder. Projections are cast in the foot-valve passage fbr the 
reception of the foot-vslve seat, by means of which it is keyed into its 
place ; and similar projections are cast in the month of the air-pnmp for 
the reception of the delivery-valve. 

There does not appear to be any manhole-door to the condenser in this 
engine, which is in our eyes a defect It would have been easy to make a 
manhole in the curved nozzle leading from the air-pump to the hot well : 
a door in that situation would have been easy of access fh>m the hot well 
manhole, and it would have always been covered with water when the 
engine was at work, so that a leakage of air could not have taken place. 
The injection rose-pipe runs across the condenser, near the mouth of the 
eduction-pipe. A cock, by which water may be injected from the bilge 
should the vessel spring a leak, is universally employed in marine engines, 
and is shown in the sectional drawing of the engines of which we give the 
details, dotted in. This cock should never be furnished with a rose within 
the condenser, and should never be joined on to the injection-pipe proceed- 
ing Arom the sea. We have known various cases in which a vessel has 
been nearly lost from the internal roses of the bilge injection becoming 
choked up with refuse drawn out of the bilge, and which, bnt ibr those 
roses, would have passed into the condenser and been delivered by the 
air-pump without creating any obstruction. 

Framing, — Cast-iron fhiming is now given np in marine engines, and 
malleable iron framing alone is employed. Of malleable iron framing as 
applicable to the side-lever engine, we have given a specimen in the engines 
of the City of London steamer ; and of cast iron fhiming it is neej^ess, 
under the circumstances, to say much. It is a bad plan, in our judgment 
to attach the diagonal stay to the hot well, as is sometimes done, as the 
working of the stay breaks the hot-well joint It is a bad plan, too, to 
attach the framing to the sides of the ship, as the working of the skip in a 
sea will strain and may break it In iron steamers a plan now |if«vails 
of running the deep beams before and abaft the crank-hatch (which are 
also made of iron) through the ship's side, joining the extremities of those 
beams by carved cross-beams, on which the ^aft plnmmer-bloeks are 
made to rest The paddle-wheel, by this plan, is overhung, and the whole 
of the arms radiate from a triple centre. A very substantial frwmng may 
be made bv adopting this arrangement and it is one which is applicable in 
the case of direct-action engines as well as in those on the side-lever plap*. 
The brasses of the paddle-shaft plummer-blocks should not be made with 
fitting strips on the backs, but the whole of their exterior should be planed, 
and the interior of the plummer-blocks should also be 
planed for their reception. Brasses fitted with fitting Fig. SOS. 
strips soon wear slack sideways. Octagonal bottom mi ^n 

brasses are not so good as those which aro square, ^.J^^-^zW 
as they cannot be lined up so convenientiy if the rv^/1^ 
shaft gets out of truth. Square-bottom brasses, with | ^"^_j 
fianges, as shovm in fig. 802., we have found preferable iQuTn won, 
to any other variety. 

SttU'lever, — The drawing we have given of the side-lever will snffi- 
cienUy explain its general form and dimensions. In some of the more 
recent side-lever engines, the side-levers are made of malleable iron, each 
lever being composed of two plates, set on edge, the length of the bearings 
apart fh)m each other. The studs in the side-lever should be steeled and 
should be of larger dimensions than is necessary for strength; as if thej 
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wear oval, tbey are likely to bunt the nde-rod or cron-tail straps, whea 
the brasses are tightened up. Unless the main centre journals be made 
spheroidal, there should always be large coUars on the main-centre, against 
which die side-leTcrs may press, so as to prerent lateral play ; and the 
washers on the main-centre ends should be capable of being tightened up 
against the brasses of the side-lcTcr eye. without this precaution, the 
engines will jerk most disagreeably sideways in a sea-way when the brasses 
eome to be at all worn. 

Crou Heads and Tails^ Side and Connecting Bods. — The parallel motioii. 
It will be remarked in the drawings of details, is attached to the cross-head, 
which is in our eyes the best arrangement, if a parallel motion be used ; 
bat parallel motions are now falling into disfkvour, and guides are taking 
their place. The side-rod eye is fitted with a conical bush, with a spiral 
cut in it, so that it may be tightened upon the cross-head journal, by 
means of a washer drawn in by a screw. In some cases the side-rod eye 
is fitted with an octagonal brass, tightened by a cutter beneath the under 
portion; and in other cases the brass is round, and the upper portion is 
pressed down by means of a screw, which is made hollow, and serves also 
as an oil cup. The upper piece is such as would require to be cut out of 
the brass, in order to permit the journal to come out without being shifted 
on end ; .and the sliding joints of the bush are rebated, to prevent end-play. 
In the manufacture of brasses of this kind, the pieces are first fitted and 
soldered together; they are then bored and turned; and finally the solder- 
ing is loosened by the application of heat The cross-tail butts are gene- 
rally ground on to their places, and the end of the cross-tul rivetted 
over on them, a round steel pin being afterwards introduced, half into the 
cross-tail, and half into the butt In some cases, however, they are put 
on hot, as practised in the case of cranks; and in the specimen before 
us a washer is substituted for the rivetting of the end. In all cases in 
which an eye is put on hot against a collar, ue eye should be recessed for 
the reception of a small portion of the collar; as we have already men- 
tioned when speaking of the cranks of land engines, as the eye in con- 
tracting sideways will leave a space between the collar and the eye, which, 
by this means, will not be discernible. The connecting-rod is made with a 
strap to embrace the crank -pin as is the usual practice. The connecting- 
rod top of most of Messrs. Penn*s and Messrs. ^bradslay's engines are made 
after the same fashion as the Black Eagle*s. Connectmg-rods made in tiiis 
way should always hare a malleable iron cap above the upper brass instead 
of having tiie ci^ and upper brass made in a piece. If the crank-pin 
heats, the brass cap will probably be cracked, and cases might be men- 
tioned in which vessels hitve been nearly lost frinn. such an occurrence. 

CVtDiib, EceenticSf Shafts^ and Paddies, — The cranks and shafts of marine 
engines are now always made of wrought iron. The crank is shrunk on 
the shaft hot, and a strong square key is then driven in at the part nearest 
the web, so as to obviate the weakening of the eye. The crank-pin is fixed in 
the intermediate crank, and is loose in the eye of the paddle crank, which 
is fitted with a bush, upon which the rounded end of the crank-pin bears. 
The end of the crank-pin, fitting into the eye of the intermediate crank, is 
made conical, and is drawn into its place by a cutter passing through both 
pb and eye. The rounded end of the pin enables the paddle shaft to fsH 
at the outer end — as it always does — witiiout breaking the pin. In some 
eases a dra^-Iink is used instead of the rounded pin, but drag-links are not 
now much m fhshion. A very good method of fixing the crank-pin into 
the eye is that which was adopted in the Don Juan steamer. It consists in 
thempplication of a strong washer over the crank-eye, with a hole in the cen- 
tre, through which a stout bolt passes tapped into the pin. The washer is 
indented a littie into the crank-eye, so as to obviate any tendency to move 
Isterally. This plan we know, from our own experience, to be a very 
effectual one : it is unattended with any more trouble than if the pin were 
rivetted in, and it admits of the pin bem^ taken out by merely unscrewing 
the boH of the washer. The end of the pin mserted in tbe loose eye is of course 
made spheroidal, so as to permit the outer end of the shaft to drop a littie, 
without breaking the pin. The pin is steeled on both sides of this sphe- 
roidal part and bears against two dovetailed steel plates. The plate situate 
on the backing side was, in the case of the I>on Juan, tightened by means 
ofl a screw passing through the crank-eye. The web of tlM crank was made 
thicker and narrower than usual, the intention of the makers being, that the 
web should be capable of resisting the twist occasioned by the overhang of 
the crank-pin more effectually than is done in the case of cranks whose sluipe 
is regulated by the supposition that the crank-pin does not overhang at iJL 
There is more plausibility than soundness in this reasoning ; the fkct being 
that the strength given for the single purpose of overcoming the leverage, 
is more than sufficient to withstand the twist The crank-pin must be fitted 
very accurately into the crank-eye, else it will be very liable to be broken. 
The crank-pin should always be larger in diameter than is necessary for 
strength, for the purpose of keeping the journal fVom heating. The dimen- 
sions given in our tables will be found to answer very well, and they are 
sfightfy in excess of the common proportions. 

We do not intend, in the present work, to go into the subject of steam 
navigation, yet we may here set down a l^w remarks about paddle-wheels, 
which cannot well be severed fVom the snlject of the engine. The best 
pton of making the centres is with s(|uare eyes, and each centre should be 
secured in its place by means, of eight Aiek keys. The shaft should be 
burned up against tlie heads of these keys with a chisel, so as to prevent 
Am keys nom conting back of their own accord. If the keys are wanted 



to ba driven back, this bnrr must be eat off, and the keys, if made thick 
and of the right taper, may then be started without difficult. The shaft 
must of course be forged with square projections on it, so as to be suitable 
for the application of centres with square eyes. Messrs. Maudslay and Co. 
bore out their paddle-centres and turn a seat for them on the shaft, after* 
wards fixing them on the shaft with a single key. The plan is objection- 
able for two reasons — it is insecure when new, and when old is irremovable. 
One of the West India mail vessels, by Messrs. Maudslay, was almost 
disabled from this cause on the first voyage, the key on the shaft having 
slackened, and the centre having consequently turned round ; and in some 
of the older vessels by the same makers, lately under repair at Woolwich, 
the centres had to be broken o£^ for they could not be got off in any other 
way. With this plan of centre we have often known the centres to shift : 
in one case, the wheel on the weather side was forced agiunst the side of 
the ship, and the floats, in their revolution, cut deeply into the outside 
planking. The plan of making round bosses on the shaft, and fixbg the 
centres with four keys, as shown in our plates of details, is also objection- 
able on the ground of insecurity. 

The general practice among the London engineers is to fix the paddle- 
arms at the centre to a plate by means of bolts, fig, 303., a projection being 
placed upon the plates on each side of the arm, to prevent lateral motion. 
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We have foond this method to be inferior in durability to that adopted in 
the Clyde, fig. 304., in which each arm is fitted into a socket by means of 
a cutter, a small hole being left opposite to the end of each arm, whereby 
the ann may be forced bisu^k by a drift A preferable way would be to 
form the paddle-centre out of the arms themselves, by widening them at the 
head until they touch one another,^. 305., and then applying a boQer- 

Fig. 305. 
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plate upon one side, and rivetting the arms firmly to it. If this plan be 
adopted, it will be expedient to swell the tops of the uncovered side at the 
part nearest the centre, so as to increase the length of bearing for the keys 
which secure the centre to the shaft In the manufacture of this centre 
the heads of the arms would first be forged, then planed on the edges and 
fitted together on the plate. The holes would then be bored for the rivets, 
temporary bolts fitted into them, and the key-seats cut and the ends of 
the arms pared in the slotting-machine. Finally, the arms would be 
welded on to tiie heads, and the various parts of the wheel rivetted together. 
Most of the London engineers join the peddle- arms to the outer ring, by 
means of bolts^ but we cannot say that we approve the plan, for those bolts, 
after a time, generally become slack sideways, and « constant working of the 
parts of the wheel goes on in consequence. Some engineers fbrm the part of 
the outer ring opposite the arm into a mortice, y!^. 306., and they wedge the 
arms tight in the hole, by wedges driven in on each side. But the plan is 
an expensive one, and not satisfactory, as the wedges work loose even 
though rivetted over at the point The best mode tiiat we have met with 
is the plan for the most part practised in the Clyde, fig. 307., of making 
the arm with a long T head, and rivetting the cross piece to the outer ring 
with a number of rivets, not of the largest size, which would wvtken the 
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Paddle-floUa kre luntUy nude either of elm or of pine : if of the 
former, the common thickneu fbr large les-going Teueli is aboat SJiaehei; 
if of ihe latter, a inchei. Tbey ehonld bt,re pUles oa both aides, elie the 
paddle-amu will be rerj liable to cat into the vood, end the iron of the 
■rmi will be rapidly irisled. 'When the floati hsTe l>een freah pat on, they 
mnit be screwed np Beveral timH before they come lo a bearing. If thu 
be not done, the bolti will be sore lo get alack at aea, uid all the floats on 
the weather tide may be washed ofi', as once occoired lo the British Queen, 
on the next voTage after the floats had been removed to allow the vessel to 
go into dock. It IS a good plan to gire the thread of the paddle-bolts a nick 
with a chisel, aAer the nut has been screwed np, which wiU prevent the nut 
ftom taming twck. The floats ihoald not be notched oat, to allow of their 
projectioa beyoad the outer ring; as, if the sides of the notch be in contact 
with the oater ring, the ring is soon eaten away in that part, and the pro- 
jecUng part of the float, being unsupported, is liable to be broken offl It 
is osnal to pnt a steel plate at each end of the paddle-shaft, tightened with 
a ktj, to prevent end-pUy when the vessel rolls, bat the arrangement is 
preearioas, and insafficient Messrs. Maodslay make their paddle-ahaft 



intermediate cnoki to bear aidewayt against the brataea of the pli 
blocks. It wonld be preferable, we conceive, to make tlie bearings of tlie 
crank-shafts spheroidal, ami, indeed, it would be an improvement we think, if 
mottof the bearing! aboot the enpne were to be made in the tame fashion. 
The sphenndal form would not only prevent end-plav, but wonld keep 
the oil from miming oat at the ends of the bearings. The loose end of the 
crank-pin ehonld be made not spheroidal, bat consisting of a portion of a 
sphere, and a brass bosh might ^en be fltted into the crank-eye, thai would 
completely encase the ball of the pin, and yet permit the outer end of the 
paddle-ihaft to bll without struaing the pin, the bush being at the same 
time susceptible of a slight end-motion. This ariKngeinent is &r preferable, 
we conceive, to that of making the pin bear npon a single point, as is the 
common practice. There is an inconvenient amount of wear on Ihe pia, 
wtiich involves a backlash in the eye, and the point of contact sometiine* 
heats and screeehea, ualess the eye be kept well supplied with tallov. 

Diiaigagiiig PaddU- Whtdt, — Many plana have been contrived for dis- 
engaging the paddle-wheels of steamers, so as to enable one paddle to be 
w<»ked without the other, or both paddles to be thrown out of gear, so as 
to revolve loosely when the vessel is under saiL The best of these expe- 
dients tliat we are acquainted with is that represented in.^^ 309, 310., where 




A is Ihe paddle-shaft i B, a cast-iron iiie keyed thereon; C. awroosbt 

iron strap auminnding the disc, lined with brass ; O, a bnsa cushioa wid a 
tightening key far producing friction, by bringing the cushion in contaM 
with the disc ; F, the brass lining of the wrooght iron strap, excepting that 
portion occupied by Ihe cushion ; X/f- 'crews by which the bnsi lining 
is held to the strap. A few blows of a hammer on Ihe key D will connect 
or disconnect the paddle-abaft, even when the engiaeE are at full speed. 

Messrs. Mundslay's method of disconnecting is lo shift the shaft on end 
by snilable gear, until the crank-pin leaves the crank-eye. Messrs. Miller's 
method ia to put a clutch on the shaft, which catches inlo the paddle centre 
— the whole of the three centres being combined inlo one diverging ooo, 
which runs loose on the shaft- A method contrived by Mr, Grantham )• 
represented in/u().31 1,312,313., where A is a moveable bush in thepaddl*- 
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crank ^e ; B, the crank ; C, a screw for moving in or out the bosh : D> 
crank pin ; E, slot in the crank eye lo permit (he pin to pass in the revoia- 
tioD of the crank, except when Ihe pin bush is moved out lo engage it ; F, 
aquare head of screw C ; G, H, the bush engaged with the crank pin. It 
is obrious that by screwing the bush oul or in, the crank pin is either 
engaged with or disengaged from Ihe paddle. In Messrs. Seaward'* 
engines a method of disengaging almost ide□ti(^al with this is eometimet 
employed. 

Eccenlrio, — The eccentrics of marine enginea are always pnt on in two 
pieces ; they are almost always loose en the shaft, and are always capthl* 
of backing. The manner in which that shown in onr plates of details b 
made, is a common one. The eccentric ia looae npon the shaft, and is fiiT- 
nished with a back balance sod catcbes, and the halves are put together wilk 
rebated joints, to keep them from separating laierally ; and they are pre- 
vented from sliding oul by round steel pins, each ground inlo bolh halve* 
Wpthinksqaarekeys wonld he preferable to round pins in this arrangement, 
as the pins tend to wedge thejaws of the eccentric osnnder. Id some cases the . 
halves of the eccentric are boiled logelher by means of flanges. The ecceo- 
trie-rod shown in the plnles of details is not a particularly neat one, Th*- 
rod of the Don Juan is represented in Jig. 314., and that fonnil- 
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now widely adopted. It is expedieni to cast an oil cap on 
hoop, and where it is practicable a pan ahonld be placed beneath the e«* 
centric, for the reception of Ihe oil droppings. The notch of the eccentric- 
rod, for the reception of the pin of the valve-sbaft. is usually meeled. to 
prevent iccDnvenieal wear ; for when the sides of Ihe notch wear, the rain 
movement is not only disturbed, but it is very difficult lo throw the eecen- 
tric-rodout of gear. Il is foanii to be preferable, however, lo fit this Dotch 
with a brBSB haahyjig. 315., for the wear i« then less rapid, and it is an ea^ 
thing to replace tlui buih with another when it become* worn. The 
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«coeiitric catchei shown in the plates tre the kind nsnallj employed, bot 
catches of this kind sometimes break off at the first bolt-hole, and it is 
preferable either to have a bolt in adTance of the catch-fiice, as in^. 316^ 
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or to have a hoop encircling the shaft, with the catches welded on it, the 
hoop itself being fixed by bolts or a key. This hoop may either be put on 
before the cranks in one piece, or afterwards in two pieces, as shown in 
fg, 817., which represents the hoop employed in the Don Joan steamer. 



Fig. 316. 
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The expansion cam is figured in the plate ; it is put on the shaft in two 
pieces, which are fiutened to each other by means of four bolts passing 
throogfa lags, and is fixed to the shaft by keys. A roller at one end of a 
bell-crank, which is connected with the expansion-valve, presses against 
the cam, so that the motion of the lever will work the vaive. The roller 
is kept against the cam by a weight on a lever attached to the same shaft. If 
the cam were concentric with the shaft, the lever which presses upon it would 
remain stationary, and also the expansion- valve ; but by the projection upon 
the cam, the end of the lever receiyes a reciprocating motion, which is 
communicated to the yalve. The position of this projection determines 
the point in relation to the stroke at which the valve is opened, and the 
extent of the projection determines the duration of opening. The time at 
which the valve should begin to open is &e same under almost all circum- 
stances ; but the duration of its opening varies with the amount of expan- 
sion desired. In order to obtain this variable expansion, there are several 
prqfections made upon the cam, each of which gives a different degree or 
^rooe, as it is usually called, of expansion. These grades begin at the same 
point on the cam, but are of different lengths, so that they would begin to 
move the lever at the same time, but would differ in the time of returning 
it to its original position. The change of expansion is effected by moving 
the roller on to Uie desired grade : there are seven different grades in the 
West India steamers. The expansion-valve is of the kind used in the 
Cornish engines, and known as the equilibrium valve. Of the valve 
shafts and Imks, parallel-motion rods, and other similar details, it is need- 
less here to spc«k, as there is nothing of difficulty connected with those 
parts, and the plates make their arrangement sufficiently intelligible. 

Starting Oear. — The best starting gear that we are acquainted with is 
Stephenson's link motion, which will be described in our remarks respect- 
ing details of locomotives. This combination obviates the necessi^ of 
throwing the engines out of gear at all ; and full speed a-head may be 
changed instantaneously into full speed astern, and without stopping the 
engines. Messrs. Rennie have introduced this species of starting gear into 
the Samson and some other steam vessels with the most satisractory re- 
sults ; and it appears likely to become general, at least in valves where there 
is little lap. In our plates of details the valve is moved by means of a lever, 
and the eccentrio-rod is thrown out of gear by means of a pulley on the 
end of a lever, which, when raised, forces the pulley against the under side 
of the rod; and lifts it out of the notch. The act of raising this pulley de- 
presses another pulley on a lever fixed upon the same shaft, and enables 
another rod in connection with the starting handle to fiill into gear, the 
intention being, that when the eccentrio-rod is in gear, the starting handle 
shiJl be without motion, as its swingiug would be inconvenient and dan- 
serous if worked by the engine. This plan of preventing the starting- 
handle and the eccentrio-rod from being in gear at the same time has now 
come into general use. The method adopted by Mr. Robert Napier in the 
Precursor is a very elegant one : it consists in the use of an eccentric-stud 
for supporting the lever which carries the roller; and the act of moving 
tiuB lever, so as to enable the eccentrio-rod to fiill into gear, draws back the 
pinion of the starting-^aft out of the sector, with which it is engaged. 
Inslead of a lever, the starting-shaft in this case is moved by a wheel 
smilar to a steering wheel of a ship. Similar wheels may be seen in 
several of the examples given in the folio plate of direct-action engines, 
and theb use is now nearly universal 

BrimB AaNpt.— Pumps for changing the water in marine engine boilers, 
so as to prevent the salt water from reaching an inconvenient degree of 
sMnBtioOy were first applied by Messrs. Boultan and Watt to the City of 



Edinburgh steamer, at the suggestion of Mr. Brown and with the approval 
of Mr. Watt Mr. Brown had accompanied the vessel on her first voyage 
from London to Edinburgh, and found that though the engine operated 
satisfactorily, the water in the boiler acquired such an injurious degree of 
concentration, that the furnaces began to get red hot He therefore re- 
quested the captain to stop the vessel, and directed the engineer to take 
off the mud-hole doors and allow the water in the boilers to run into the 
ship ; the boiler was then refilled with water ftt>m the sea, and the vessel 
proceeded on her voyage. Mr. Brown then devised pumps for removing 
the super-salted water from the boiler without interruption. These pumps 
are still used by Messrs. Boulton and Watt, and their use is now very 
general In the engines of the Centaur represented in the plate of dii«ct 
action engines, the brine pumps are set on each side of the feed pump and 
are wrought with it off the air pump cross-head. In some cases the feed 
water is sent into a vessel called a refrigerator, as has already been men- 
tioned at page 83., through which the super-salted water proceeding frx>m 
the boiler to the brine pump is conducted in a multitude of snuill pipes, 
— ^the intention of the arrangement being to economise heat by commu- 
nicating the heat of the super-salted water to the feed. But the amount of 
heat thus saved is, as we have already explained, exceedingly unimportant, 
and the refrigerators are not only expensive to construct, but are very 
liable to be choked up by deposit They thus become a source of danger, 
as the engineer is led to confide in an expedient- which may deceive him, 
while he believes it to be in effective operation. The valves of brine 
pumps require to be loaded sufficientiy to counteract the pressure of the 
steam, and of the head of water in the boiler. If brine pumps be used, it 
appears preferable to use them without the refH^rator ; thev then become 
equivalent to a continuous blowing off, but the pipes are less liable to choke, 
and there is no blowing off while the engines are at rest 

Sea water contains about ^ its weight of salt, and its specific gravity is 
increased by boiling until it contains \H of salt, which is the point of satura- 
tion, and the water will not then hold more salt in solution. As the water 
is more concentrated, it requires a higher temperature to make it boil. 
The boiling point of sea water which has A of salt, is 813.2^ ; with A, 
214.40 ; with jy, 215.5°; witii ^ 216.7°; with A, 217.9°; with A, 219*; 
with i. 220.2° ; witii A. 221.4°; witiijA, 222.5*; with U, 223.7^; witii 
li, 224.9° ; and saturated water 226°. These are the boilmg points in the 
open air ; in a steam boiler, where the pressure of steam is always above 
the pressure of the atmosphere, the boiling points will be correroondingly 
higher, but with any uniform pressure of steam in the boiler it is possible 
to make the thermometer an mdex of the saltness of the water. If the 
water be maintained at a concentration of ^ or if about one fourth of the 
water be withdrawn fl-om the boiler by the brine pumps that is forced in 
by the feed pumps, very littie deposit will collect within the boiler. The 
quantity of ftiel wasted by blowing off this quantity of water, cannot it is 
clear, be considerable, and there should not be less blown off. Of every 
4 cubic feet of water entering the boiler from the hot well, 3 passes off 
in steam and 1 in brine, "nie temperature of the hot well being 100°, 
the heat imparted to the water to raise it into steam, may be represented by 
1112° X 3—3336, while the heat contained in the brine is 112° or rather 
less, the specific heat of brine being less than that of fresh water, and 
3336 -r 1 12 » 29, so that about ^th of the heat passes out in the super-salted 
water when large blowing off is practised. A much larger quantity of heat 
than this goes to waste if there be any material accumuUtion of scade upon 
the flues, and engineers will therefore see that there is no economy in 
penurious blowing off. 

Pun^f Cockt, and Pipet. — In the plates of details the feed-pump plunger 
is shown with a screw at the bottom, for the extraction of the core, but it 
appears preferable to extract the core out of a hole in the top, which may 
be adapted for the reception of the pump-rod. There should be a consi- 
derable clearance between the bottom of the plunger and the bottom of the 
pump-chamber, as otherwise the bottom of the chamber may be knocked 
out should coal-dust or#ny other forei^ substance gain admission, as it 
probably would do, if there were any iigecting frxim the bilge. Messrs. 
Maudslay make the feed and bilge-pump plungers serve as guides to the air- 
pump cross-head, the pump-rods being continued upwards and working 
through eyes in the fhuning. We do not see any objection to tiiis arrange- 
ment if the stuffing-boxes be made deep : when separate guide-rods are 
used with eyes in the cross-head, those eyes should be fitted with stuffing- 
boxes, to diminish the wear, and the guides should be made very strong, 
for the same reason. The valves of tiie feed-pump are most convenientiy 
arranged in a chest, which may be attached in any accessible position to the 
side of the hot-weUL An arrangement of this kind is shown in the plate 
of details and in fig. 318., which represents the feed-chest of the Don Juan 
steamer. Of the two side nossles, the lower one leads to the pump and 
the upper one to the boiler. The pipe leading to the pump is a suction- 
pipe when the plunger ascends, and a forcing-pipe when the plunger de- 
scends. The plunger, in ascending, draws the water out of Uie hot-well 
through the lowest of the valves, and, in descending, forces it through the 
centre valve into the space above, which communicates with the feed-pipe. 
Should the feed-cock be shut, so as to prevent any feed-water from passing 
through it, the water will raise the topmost valve, which is loaded to a 
pressure considerably above the pressure of the steam, and escape into tiie 
not- well This arrangement is neater and less expensive than that of 
having a separate loaded valve on the foed-pipe, with an overflow through 
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It ii of the plunger kind, which ii pnftnble to thtt which opentei b; • 
jrifton. The *ir-TMul ii ftirniahed with tn oope-ralTe, to preveiil the 
poinp ft>am being iplic ihonid it he pat in connection with the engine when 
the eocki in the pipe lesdinr to the boiler u« cloaed, en aoddent which 
not nnfMqneaDr happens. Fig. 3E1. represenu a four-way nxV, the ippli- 
cadon nf which enables the pomp to draw frttm the tea. 
Fin. nsl. tnm the boiler, or ^m the bilge, and the pomp can 
7 deliver either into the boiler or npoa deck. Thii pomp 
I can be worked either b; the engine or bj hand : it u 
employed to ttfi the boiler* when the engines are ita- 
------ry, or to pojnpthe boilers ool, after t&r are blown 

s &r Bi can be aeeompliihed by the steam. At 
other timea it ii nsefiil for raising the water to wash 
the decks, to act as a fire-engine in om of fire, and to 
pomp ODt the ship if the fpriagi » le«L 




In most of the new Tetsels fitted with tnbnlar boiler*, (mall cogiaw 
have been introdnced, to pomp water into the boiler wtieii the Tetael stof* 
nnder steam. Most of these engines are famished with a crank and flj- 
wbe«l, bnt that introduced by Mesai*. Penn, and of which we have given 
■ representation in one of oar plates, has no fly-wheel, and is a very compM* 
attd elegant arrangement. The pnmp-pisbHi and ^e steam-pistim are M 
di&rent ends of ^e Hune rod, and, inne«d of die ordinary pmnp-valrei, 
a slide-Taive is introdoced, which i* sitaated at the opposite end of th* 
steam-slide rod. The slide-valves are (npe-valTes, and are moved hj 
meuis of a tiqtpet on the piston-rod. On another part of the nme plMo 
■ome views are given of a «elf-*iDting fted qipantns, which eonusts of k 
small chest, placed upon tlie front of the boiler at the leTcl of the waters 
line, with porta, eloeed by a sliding ntate, commnniealing with the wMer in 
the boiler and the steam above it When these pcffts are opened the water 
rises to the same height in the chest at in the bculer, and the porta Me 
opened and shot by the small engine at every stroke of the pomp. WUIe 
the pnmp is making its itrofce the ports lading from the chest to tlu 
boiler are closed, and if the cheat be chiefly flUed irith steem, it will he 
compressed by tbe entering water, and the chest will receive a ehane of 
water, which, on the ports being opened, will flow into the boiler. Bst if 
there be but little steam in the chest when the pnmp tssMldng its stroke, or 
theohest be flllad with water from the rise of tbe watCNlevcl, the water dk- 
ehamed by tbe pnmp cannot gun admission, and it mnst therefore escape 
oveihoard Ihrongh the loaded valve. That, as the water-level tisea, the 
chest takes lets water ftmn tbe pomp, and it takes more whni the level 
falls, the effect of which in practice is to nuintftn a uniform water level in 
the boiler, however great the variations in the demand for steam. In some 
■team vessels floats hare been introdneed to re^nlale the fked, bat their 
action csnnot be depended on in agitated water, if ai^iUed alter the eonBun 
&thion. Floats would probably antwer if placed is a e^lii^v wliieh etw- 
monieated with the water in tbe boiler by maana of small botes; and a ^0 cf 
mettl might be attached to the end of a rod extending beneallt tbe water- 
level, so as to resist irregular movements frran the motion at die ibip, 
which would otherwite prerent tbe satisfrclory action of the qiparatoa. 

This disc woald be placed withia the cylinder, and a short iliiniinj above 
it a fixed diaphragm might extend across the oyllnder, between wliid and 
the moveable disc or pistoa on tbe rod the water woold be niiiniiwawl, in 
the event of any sndden dispodtion of the float to rise, saeh a* mi^it be 
created by the sodden motions of the ship; whereas by the slotrandgradoal 
subsidence of the water level Ihim eTapotalion, the water ia the e^lndtr 
would be able to inbaide, by gradaally pasnag throagh the amaU hnir* fal 
tbe cylinder and disc One ottjection to this plan is, that die nnall hole* ' 
would be liable to be cloeed op Wdepodti and the prefhibkanwigeaMDt 
probably, would be to place the float within the txnler, gnided, bot wiihoBt 
any cylinder, and to apply a small <h1 cylinder, sneh as b atad for the , 
cataract of fuoe pumpbg engines, to tbe end of the ficat rod where it pro- 
trudes through ibe top Mr the bcdler. Soch an arrangement woold en^de 
the float to resist suddenly acting forces, while any force that was gradnal 
and steadily operative would still produce its due effect. 

The sdniiisioa of the feed-water into the bwler it toiDetine* regolatad 
by cocks, and sometinies by spiDdle valves, raised and lowered by a screw. 
Clocks appear to as to be the prefteable expedient, as they are leas liable to 
aceideot or derangement than screw valvea, and in modern tttain veaela 
they are generally employed. The fted water is otoally ecadneted ftvn 
the feed cock to a point near tbe bottom of the boiler, by mcana of an in- 
temal pipe, — the object of the arrangement bong to prevent the lidng 
steam from being condensed by the entering water. By being introdwM 
near the bottom of the boiler, it comet into contact in the flnt place with 
the bottoms of Ihe farnacea and floes, and extracts heat from them, wUch 
could not be extracted by water of a higher temperature, whereby a Kving 
of ftiel is accomplished. In snne cases Ihe feed water it introdiiced into a 
casing aronnd tbe chimney, trota whence it descends into tbe boiler, Thit 
plan appears to be an expedient one when the boiler is shtst of beating 
tnrbce, and more than s osnal quantity of heat ascends the chimney t bat 
in well-proportioned boilers a water cssing roond the chimney is snper- 
flnoas. Wien a water eating it oied, the toiler it otnally M by a head of 
water, the feed water being forced np into a small tank, frtim whence it 
descends into Ihe boiler by the fhrce of gravity, while the eoiphit naa to 
waste, as in Che feeding apparatui of land engines, represented in Fi^ no. 
Blow-off cocks are generally phued tome distance fhnn the bcnler, bM in 
our judgment they ibonld always be placed quite close to it. a* there are 
no meant of thntting ofF the water fhnn the pipe between tbe bkiw-off cook 
and the btnler, should fracture or leakage there irite. Every boiler mnit 
be fbmished with a blow-otT cock of its own, independently of the mun 
blow-off cock on the ship's sides, so that the boilen may be blown off espa- 
rately, and may be shut off from one another. The preferable artanrn- 
ment appeari to be. to cast iq>on each blow-off cock a bend tat t**-Tf™f 
the cock to ihe bottom of the braler, and tbe ping thosld ttmd abont an 
inch in advance of the front of Ihe bdler, to thtl H may be removed «r re- 
ground with bcility. Tbe flooi^plate covering tbe blow-off ooek thoold 
have a cooming, a fow inchet hi|^ cast round a hole of soSciaBt diameter 
to admit a box key to tarn tbe plug, and to each ping a box key should be 



of the key tpndle tapported bj an eye atttohsd to the boiler. Thee* b« 



Details of Engma. 



^8 



keyf would not be shifted from one plog to another, as at present, bat each 
would remain in its place, and the engineer would only have to torn them 
•when he wanted to blow off the boilers. The present method of nsing the 
.blow-off cocks is very inconvenient A small plate has to be removed to 
enable the box key to be applied ; coal sometimes is lying upon the plate, 
which has to be removed, and coal-dust gets into the bilge in these con- 
tinual removals, which chokes the roses of the bilge pumps. In dark nights 
and rough weather, the engineer requires to feel the nick in the top of the 
ping, which is often filled with coal-dust and grease, before he can assure 
himself whether the cock is open or shut, and Uie operation of turning the 
eocks is more difficult when the spindle of the key is without support 
These evils may be remedied by the arrangement suggested. The spindle 
will require to be made with a hole or eye to admit a handle wherewith to 
turn it round, and it would be an easy thing to make the stud supporting 
the top of the spindle of such a form that the handle lor turning the spindle 
oonld not be withdrawn when the cock was open. The cock, therafore, 
ooald not be left open without the handle being left in its place, where it 
would stand out firam the boiler, inoonmiode the firemen, and duly notify 
the neglect 

The general arrangement of the blow-off pipes is to put a main blow-off 
pipe beneath the floor^plates across the ship at the end of the engines, and 
mto this pipe to lead a separate pipe, ftimished with a cock, from each 
boiler. The main blow-off cock, where it penetrates the ship's side, is 
fhmlshed with a cock ; and in modem steam vessels Kingston's valves are 
also used, which consist of a spindle or plate valve fitted to the exterior of 
die ship, so Uiat if the internal pipe or cock breaks, the external valve will 
still be operative. Some expedient of this kind is almost necessary, as the 
blow-off cocks require occasional re-grinding, and the sea cocks cannot be 
le-ground without putting the vessel into dmsk, except by the use of Mr. 
Kingston's valves or some equivalent expedient When old vessels are 
getting new sea cocks applied, it may answer to make the old cocks serve 
the purpose of Klingston's valves, the new cocks being applied between the 
old cooks and the blow-off pipes. 

All the cocks about an engine should be provided with bottoms and 
fltoffing-boxes, and reliance should never be placed upon a single bolt 
passing through a bottom washer for keeping the plug in, in the case of any 
eock communicating with the boiler, for a great pressure is thrown upon 
that bolt if the pressure of the steam be high and the plug be made with 
mneh taper ; and should the bolt break or the threads strip, the plug will 
fiy out, and persons standing near may be scalded to deaths— an accident 
which has sometimes happened. In large cocks it appears the preferable 
plan to cast the bottoms in ; and the metal of which all the cocks about a 
marine engine are made should be of the same quality as that used in the 
composition of the brasses, and should be without lead or other deterioratbg 
mateiiaL In some cases the bottoms of cocks are burnt in with hard solder, 
bat this method cannot be depended upon, as the raider is softened and 
wasted away by the hot salt water, and in time the bottom leaks or is forced 
oat The stuffing-boxes of cocks should be made of adequate depth, and 
the gland shocdd be secured by means of four strong copper bolts. The 
taper of blow-off cocks is an important element in their construction ; as if 
the taper be too great, the plugs will have a continual tendency to rise, 
which, if the pacUng be slack, will enable grit to get between the faces, 
idiile, if the taper Im too little, the plug will be liable to jam, and a few 
times grindingwillsinkit so fax through the shell, that the water-ways will 
no longer correspond. One-eighth of an inch deviation from the perpen- 
dicular for every inch in height is a common an^le for the side of the cock, 
which corresponds with one quarter of an inch difference of diameter in an 
ineh of height; but we think a somewhat greater taper than this, or one- 
third of an inch difference of diameter for every inch of height, is a prefer- 
aUe proportion. The bottom of the plug must be always kept a small 
distance above the bottom of the shell, and an adequate suii^^e must be left 
above and below ibe water-way, to prevent leakage. Cocks formed accoid- 
iag to these directions will be found to operate satis&ctorily in practice. 

Crange codks are generally very inartificially made, and occasion needless 
trouble to the engineer. They are rarely made with stuffing-boxes, and 
are for the most part adorned with stalactites of salt after a short period of 
service, in consequence of leakage. The water discharged from them, too, 
disfigures the front of the boiler, and adds to the corrosion in the ash-pits. 
It would be preferable to combine the gauge cocks appertaining to each 
boiler into a single upright tube, connected suitably with the boiler, and 
tiie water flowing flrom them could be directed downwards into a ftinnel 
tnbe communicating with the bilge. The gauge cocks and also the gkss- 
tnbe cocks should be furnished with stuffing-boxes, and with bottoms, unless 
tiie water enters through the bottom of the plug. The glass gauge tubes 
should always be fitted with a cock at each neck, communicating with the 
boiler, so that both the water and steam may be shut off if the tube breaks. 
Hie gauge cocks frequently have pipes running up within the boiler, to the 
end that a high-water level may be made consistent with an easily acces- 
sible position of the gauge cocks themselves. With the glass tubes, how- 
ever, this species of arrangement is not possible, and the glass tubes must 
always be placed in the position of the water level, whether it be high or 
low. 

The sea ii^eetion cocks are usually made in the same fashion as the sea 
blow-off oocks, and of about the same sixe. The iijectioa water is generally 
•AniktmA to the condenser by means of a slide valve^ hot a cock appears to 



be preferable, as it Is more easilj opened, and has not any dbposition to 
shut of its own accord. The sea iigection pipes should be put through the 
ship's side in advance of the paddles, so that the water drawn in mi^ not 
be ix^juriously charged with air. In some cases the suction pipe of the 
deck pump leads into the injection pipe ; but it is preferable to put a pipe 
through the ship's side for the exclusive use of the deck pump, as is the 
general practice. The waste water pipe, passing fhim the hot well through 
the vessel's side, is provided with a stop valve, called the discharge valve, 
which is usually made of the spindle kind, so as to open when the water 
coming fhmi the air pump presses against it In some cases this valve is 
a sluice valve, but the hot well is then almost sure to be split if the engine 
be set on without the valve having been opened. The opening of the 
waste water pipe should always be above the load water line, as it will 
otherwise be difficult to prevent leakage through the engine into the ship^ 
when the vessel is lying in harbour. 

Boilers are now generally supplied with stop-valves, whereby one boiler 
may be thrown out of use wiUiout impairing the efficacy of the remainder. 
These stop valves are usually spindle valves of large sixe, and they are for 
the most part set in a pipe which runs across the steam chests connecting 
the several boilers together. The spindles of these valves should project 
through stuffijig-boxes in the covers of the valve chests, and they should 
be balanced by a weighted lever and kept in continual action by the steam. 
If the valves be lifted up and be suffered to remain up, as is the usual prac- 
tice, they will become fixed by corrosion in that position, and it will be 
impossible after some time to shut them on any emergency. These valves 
should always be easily accessible from the engine room, and it ought not 
to be necessary for the coal boxes to be empty to gain access to them. The 
safety valves should not be set on the common pipe connecting the boilers, 
but each boiler should have a safety valve of its own set direct upon the 
steam chest, for if the stop valve should jam, and the safety valve be ex- 
terior to it, the safety valve cannot contribute an3rthing to save the boiler 
fh>m explosion. Each boiler also should have a distinct steam-gauge and 
a distinct atmospheric valve, if atmospheric valves be applied at all, but 
they scarcely appear to be necessary in the case of tubular boilers, which 
are capable of withstanding the atmospheric pressure with impunity. 

The pipes of marine engines should always be made of copper. Cast- 
iron blow-off pipes have in some cases been employed, but they are liable 
to Aracture, and are dangerous. Every pipe passing through the ship's 
sides, and every pipe fixed at both ends and liable to be heated and cooled, 
should be fhmished with a fauoett or expansion joint, and in the case of 
cast-iron pipes, the part of the pipe fitting into the fiiucett should be 
turned. In the distribution of the faucetts of the pipes exposed to pres- 
sure, care must be taken that they be so placed that Uie parts of the pipe 
cannot be forced asunder by the strain, as serious accidents have occurred 
from the neglect of this precaution. A fiiucett is usually placed where the 
main steam-pipe joins the branch steam-pipes proceeding to the cylinders, 
and if those branch steam-pipes are attached to the cylinders or valve 
casings by means of faucetts, the whole of the branch steam-pipes may 
swivel round on these fiucetts and leave the main steam-pipe, which will 
then discharge its fUll volume of steam into the engine room, an accident 
which could hardly fiul to be attended with &e most disastrous conse- 
quences. 

Where the pipes pierce the ship's side, they should be made tight as 
follows : — The hole being cut, a short piece of lead pipe with a broad fimige 
at one end should be fitted into it, the place having been previously smeared 
with white lead, and the pipe should then be beaten on the inside until it 
comes into close contact all round with the wood. A loose fiange should 
then be slipped over the projecting end of the lead pipe, to which it should 
be soldered, and the fianges should both be nailed to the timber with 
scupper nails, white lead having been previously spread underneath. This 
metiiod of procedure, it is clear, prevents the possibility of leakage down 
through the timbers, and all therefore that has to be guarded against softer 
this precaution, is to prevent leakage into the ship. To accomplish this . 
object, let the pipe which it is desired to attach be put through the leaden 
hawse, and let the space between the pipe and the lead be packed with 
gasket and white lead. The pipe must have a flange upon it to close the 
hole in the ship's side ; the packing must then be driven in from the outside 
and be kept down by means of a gland secured with bolts passing through 
the ship's side. If the pipe is below the water line, the gland must be of 
brass, but for the waste water pipe a cast-iron gland will answer. This 
method of securing pipes penetrating the side, however, though the best 
for wooden vessels, will, it is clear, ful to apply to iron ones. In the case 
of iron vessels, it appears to be the best practice to attach a short iron 
nossle, projecting inwards, to the skin, for the attachment of every pipe 
below the water line, as the copper or brass would waste the iron of the 
skin if the attachment were made in the usual way. 

Partt of oaciBating Engines. — The most important parts of oscillating 
engines are the piston, the piston-rod stuffing-box, the trunnions, and the 
attachment for the valve. The two former parts we have already de- 
scribed ; we shall here give the chief details of the two latter. 

Fig. 322. represents the valve attachment of U. Bl steam vessel the 
Trident, coustmoted by Messrs. Boulton and Watt, cylinder 70) in. 
diameter, and 5 ft stroke, and reckoned at 350 horse power. The eccen- 
tric rod is attached to the stud a, which is fixed to the centre of a plate 
forming part of a frame which is guided vertically by means of the goidc- 
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rod b, and b; thecolnimu of tli« eopne aXte. Jit the end of the Tslre 
loer which ii moved up tad down by the ftnme, whilcTer poailion in tbe 
are the end of the lever maj occnp; in conseqoence of the oicilliCion of 
the cjlinder. e ia • t«ck whereby the frwne may ba moved np or down 
by meani of ■ ihaft at ab, when the eccentric rod ia not in gear, and at the 
end of the ihtft a wheel ii litnated for starting the engioe. The curved 
groove in which the end of tbe valve lever move* ii part of a circle, bat it 
ii not iwept ftam the centre of the tnumion when the valve ii at half 
■troke, bnt with a radini equal lo the distance of the eentre of the valve 
■baft froa the centre of the trunnion, when the cylinder ii perpendicular. 
Metart. Penn do not form the curve ia this way, bat tweep it tnta the 
centre of the trunnion when the valve is at half stroke; and althoogh tbe 
Mme motion of the valve is not thus obtained a* when there ii no oeclUa* 
tion, the difierence is very slight, and if moreover conaidered to be a better 
motion than if no dinorbance had taken place It appears to as that the 
use of a enrve might be dispenaed with altogether by observing a aaitable 
i4instineut of the eoaentric; the effect would probably be to increase 
slightly tbe nde prmore on the piMoa-rod, bat tbe increase would be 
altogether inappicwUile in tbe case of equilibnted valves which may be 
wringht with an inoooiiderable exercise of fbrce. 
Fig. 833. repreaenta one of the tronnioai of the Trident, wliich instead 
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It np<» the cylinder, as is the usual practice, are bolted on with 
« li in. twlla, and are strengtheaed bv twelve brackets, 1 inch thick, 
« .y. «.-- _ ^ .».>.__ xhero is > prqjcctin^ ring, it irill be 



the belt a feather rana vettieally 1| in. thick, and tqiering in depth fnm 
the belt till it runs off to nothing on the cylinder ude. 

The bearing part of tlie mnnioD is aa in. diameter, 7 in. long, and tha 
metal is Sj- in. thick ) the steam pipe entering the tmnnion 1 in. thick, 
and the packing space between the pipe and tmnnion 1 { in. wide. Tht 
gland for compressing the packing i« usnallT pot oa in two piecea. Ite 
pipe reqnires to be so made that it can be podied in against the eylindar 
m order to acoommodata its outer attachment. It is not necesaaiT to maka 
provision at the enter end of the trannion-pipe for the ftUing of the tnn^ 
nion by wear, a« the wear is so imall as to be of no practical mcaott. 
The thickness ofmetsl of the cylinder is l^in. i the thickness of the top 
and bottom of the belt is !( in. m the wake of the tmnnion, and S ilt. in 
other places. The diameter of the hole in the belt is 18 in. ; the imemal 
diameter of Ibe itesm pipe is 13 in. ; and tbe diameter over the flann tat 
the attachment of the trunnion is 30i in. The interior of the belt m tbe 
wake of the trunnion mesiurea 29 m. deep and 4^ in. wide. The ennk 
ahaft bearings are 19 in. diameter and 13 in. long. The paddle wheeli 
are overhang, and the outer joomal of the shaft is I i in. diameter, and 14 
in. long ; the part on which the eentre is fixed, thnn whence the aim* 
diverge, being Ifl in. diameter, and 14 in. long. When Ibe paddle i*ov«r> 

in other eases. T^ diameter td tbe wheids ia 3S ft i the fioala are S fL 
broad and 9 ft. long, and have a dip of 4 ft. 7 in. from the load water linc^ 
at which point the vessel draws 11 ft. tf water. Tbe crank pin is 9 in. in 
diameter, and baa a length of bearing for the oonitectina rod of 14 in. 
The diameter of tbe Trident's ^aton-ma ia 7} in. i we think & iunditetkB 
of larger piston-Tod* than have yet been iniiodneed in oaoillating en^inM 
would be an improvement, and would add to the dniabilitj of the «"g"ff. 
Each cylinder metsnrea 8 ft. I in. anoa ft«m centre to centre of (rannicn, 
and lift 6 in. fkvm tbelevelofthe tnunioB toibalcvelof theihafi. 

The poaitimi of the bimnioa should be a Utile above the eentre of gi»- 
vity t£ tbe cylinder, ao that it will have no tendency to tilt over when the 
piston-rod is disengaged (torn the oiank-pin, and very little tendanoy M 
the same time when poahed over to resume the perpeDdicnlar. Hie plan 
of attaching a weight to wie side of the cylinder to balance (he vaba 
casing is now discontinDedb the bert engine*, and two valve* an employed 
which balance one another. These valve* are placed one on cadi side ef 
the trunnion, so that they may both be wronght by the same eccentric, ff 
the curved eccentric triiM were diacarded, the eccentric rod mig^ be 
attached immediately to a cross-liead, troai the ends of wbich the two valva 
rods descended, and the intermediate gear at present used mi^ thus be 
dispensed with. 



Eitgaut applied dirtet lo At Sertw. — It reqoirei but littli 
resee that the present tpedtt of marine engine most be 
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involves a greatly increased speed of piston. Small enpnes, with the 
pitlona moving at a quick speed, will exert the same power as lai^ enginea 
noving with a slow speed i and small engines, by being applied to the 
screw shaft direct, may ba made to do the work ti large ones. This ia a 
manifest advantage ID steam navif;ation, as a vessel may be constnieted 
with very large power withotit bemg inconveniently burdened with the 
weight of the engines ; and it ia also an advantage to tbe maker* of en- 
gines, who will thus he enabled to produce a given power at a leas ocaL 
The only impediment to tbe general introdoetion of this tytlen lie* in &• 
difficulty of driving the air-pomp at a high speed witboot eansing &• 
valves to alrike so hard at to wear themselves oat vcr^ qaickl^. T%e 
difficulty may, however, it appean to oa, be met by making tbe air-pnmp 
[naton without valves, and openmg and shutting the foot valve MSBga by 
means of a slide valve, tbe motion for working which is derived from the 
eccentric rod. The delivery valve most itill be opened by the preatore at 
water in the pnmp; bat it may be made to eooaiitof a fittao valve with 
skewed ports, soeh ss is represented in^. S33., and it may be cloaed, or 
tbe {Hston be brought opposite to the ports by means of a pendaluai wught 
at the ead of a lever moving outside. Uoet of the engines at pea ent in 
eoorae of constnictioa liM' direct application to the tenw, are n»de wtdi 
foor cylkden lying horisontally with two cranks upon tlw aoMW ahaft, to 
which tbe ooanectiag rods are attached, the connecting rods being jcuiwd 
to tbe top of tbe piston rods, u in tbe Gotgon, or loctemoiive CMittnetion. 
Oscillating engines, laid at an angle of 45°, and joined lo a nngle ennk oai 
the shaft, have in aome eaaea been employed ; and we think Ihia arrange- 
ment ia upon the whole the preferable one. The air-pump may be made 
dooble-aetlng, and may be worked from tbe same crank-pin to which the 
jdston-roda are attached ; the pin, however, being made eoceatric in the 
part lo wbich Che ur-pomp rod is attached, in order lo give the pwnp a 
shorter atroke than the pitlon. The crank and crank-pin will, if uii 
arrangement be adopted, be stronger if nude in the lame [deoe^ and the 
neck of the ahaft from wbich the crank overiian^ most be made ttzooger 
than uaoaL If the air-pamp he made doable-acnng, as appean lo be the 
pre^raUe practice, it* diameter may be very small, but Ina fbot and dr< 
livery valve paaaages mast be larger than aaiul in ptoportion lo the sisc of 
tbe pomp. If a piston valve be adopted tot the delivery valve, it win be 
expnlieul to balanoe the valve by mean* of a ooontcrweuht, aa it dime ia 
caie of the steam valve, addii^ then a pendaltnn, or a slunt eraak palM 
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Into ihe Tertical position bj a rod loaded with a weight, the end of the 
rod being suitably guided bj a swiyelling eje» in order to bring back the 
ValTe, or retain Uie piston opposite the ports nntil the pressure comes on. 
It is clear that, if this arrangement be adopted, the tbrost of the shaft 
fbrwards, which in the case of the Rattler screw steamer is equivalent 
to a weight of four tons, cannot be sustained by tiie end of the shaft ; and 
the best arrangement appears to be, to receive the thrust upon a collar on 
the shaft, which works within an oil cylinder, — oil being forced continu- 
ally by a small pump worked by the engine between the end of the oil 
eyUnder and the collsj*, until the collar is forced back with a pressure equal 
to that of the forward thrust It is not expedient, however, to trust to the 
ml alone ; and, therefore, between the collar and the bottom of the oil 
cylinder, and also between the collar and the top of the oil cylinder — so as 
to give security for backing — rollers carried by rings, as in the case of the 
roUen of a swivel bridge, or railway turn-table, should be interposed. 
These rollers should be as numerous as can be conveniently applied ; they 
diould each touch only in one point ; should be made narrow, and several 
of these narrow rollers should be set upon the same spindle, so as to in- 
crease the quantity of the bearing surface. The collar and ends of the 
ml cylinder should consist of plates of hardened steel, and the rollers 
dionld also be of hardened steel, and be all made of exactly the same 
diameter. The oil cylinder would have to be snppUed with a safety valve 
on each side of the collar, so that any surplus oil sent in by the pump 
would be able to escape into a small tank, out of which the pump would 
draw. By tiiese expedients, it appears clear to us that the thrust of the 
screw may be effectually and satisftctorily counteracted. It appears ex- 
pedient to tooth out the eye of the collar, and to make it of sufficient length 
to serve as a coupling box, the end of the shaft procee^ng fh)m the screw 
to the collar being smiilarly toothed, and fixed ftst into the collar ; while 
the end of the shaft proceeding firom the collar to the engine is toothed in 
the same fashion, but so fitted as to slide endways in the collar. By this 
arrangement, should the oil cylinder yield slightly, or the rollers wear, the 
engine firaming will still be preserved fh>m the forward strain ; the only 
effoct of such accidents being to make the engine shaft slip somewhat 
farther into the collar. The edge of the collar would be furnished with 
cupped leathers upon each side, of the same description as those used for 
the rams of hvdraulic presses. The improvement of the species of engine 
ihtX is adapted for direct application to the screw, is one of the most im- 
portant otgects that can engage the attention of Uie marine engineer ; for 
the ultimate universality of screw propulsion appears to be the most pro- 
bable conjecture at the present time ; and if the screw supersedes the paddle, 
the best form of direct action ensine applicable to the screw, will secure 
the most extended patronage. Unless a very perfect rotatory be devised, 
the oscillating engine, coupled direct to the cnmk in the manner we have 
described, will probably maintain the supremacy, and we would commend 
that form to those who are desirous of making a selection that is not likely 
speedily to involve much fhrther change. 

How to erect Side Lever Engines, — Level the bed-plate lengthways 
and across, and strike a line up the centre as near as possible in the middle, 
which indent with a chisel in various places, so that it may at any time be 
easily found again. Strike another line at right angles with this, either at 
the cylinder or crank-centre, by raising a perpendicubir in the usual manner. 
Lay the other sole-plate alongside at the riAt distance, and strike a line at 
tiie cylinder or crank centre of it also, shifting eitiier sole-plate a littie 
endways, until these two transverse lines come into the same line, which 
ma^ be ascertained by applying a straight edge across the two sole-plates. 
Stnke the rest of the centres across, and drive a pin into each comer of 
each sole-plate, which file down level, so as to serve for points of reference 
at any fhture stage. Next try the cylinder, or plumb it on the inside 
roughly, and see how it is for height, in order to ascertain whether much 
will be required to be chipped olf the bottom, or whether more requires to 
be chipped off the one side than the other. Chip the cylinder bottom fur ; 
set it m its place, plumb the cylinder very carefhlly with a straight edfe 
and silk thread, and scribe it so as to bring the cylinder mouth to the right 
height, then chip the sole-plate to suit £at height The cylinder must 
then be tried on again, and the parts filed wherever they bear hard, nntil 
the whole surfiice is wdl fitted. Next chip the place fbr the fi-aming ; set 
np the fhuning, and scribe the horizontal part of jaw with the scriber used 
for bottom of cylinder, the upright part being set to suit the shaft centres, 
and the angular flange of cylinder where the stay is attached having been 
previously chipped plumb and level. The stake- wedges with which the 
naming is set up preparatory to the operation of scribing, must be so set as 
to support equally the superincumbent weight, else the framing will spring 
firom resting unequally, and it will be altogether impossible to fit it well 
In some of the modem direct-action engines, many of the directions here 
given will be fbund needless, for the cylinder-flange and cylinder-bottom 
are both fkced in the boring mill, and the framing consists of malleable 
iron rods, which involve but little difficulty in fltting them together ; but 
whoever can fit together a side lever engine with cast-iron fhuning will 
ibd little difficulty in fitting together an^ other kind. 

Centres and Lengths of Mods, — In fixing the positions of the centres, it 
appears to be the most convenient way to begin with the main centre. The 
hei^t of the centre of the cross-head at half-stroke above the plane of the 
mam centre, is fixed by the drawing of the engine, which gives the distance 
from the centre of cross-head centre at half-stroke, to the flange of the 



I cylinder ; and firom thence it is easy to find the perpendicular distance fh>m 
the cylinder-flange to the plane of the main centre, merely by putting a 
straight edge along level, fh>m the position of ti^e main centre to the 
cylinder, and measuring tram the cylinder-flange down to it, raising or 
lowering the straight edge until it rests at the proper measurement The 
main centre is in tiiat pltme, and the fore and aft position is to be found by 
plumbing up fh)m the centre line on the sole-plate. To find the paddle- 
shaft centre, plumb np from the centre line marked on the edge of the sole- 
plate, and on this line lay off from the plane of the main centre the length of 
the connecting rod, if tluit length be already fixed ; or otherwise the height 
fixed in the drawing of the paddle-shaft above the main centre. To fix 
the centre for the parallel-motion shaft, when the parallel- bars are connected 
with the cross-head ; lay off on the plane of main centre the length of the 
parallel bar from the centre of the cylinder, deduct the lengtii of the radius 
crank, and plumb up for the central line of motion shaft ; lay off on this 
line measuring fh)m the plane of main centre, the length of the side-rod ; 
this gives the centre of parallel motion-shaft, when the radius-bars join the 
cross-head, as is the preferable practice where parallel motions are used. 
The length of the connecting-rod is the distance firom the centre of the 
beam when level, or the plane of the main-centre, to the centre of the 
paddle-shaft The length of the side-rods is the distance from the centre- 
line of the beam when level, to the centre of the cross-head when the 
piston is at half-stroke. The length of the radius-rods of the parallel 
motion is the distance firom the point of attachment on the cross-head or 
side-rod, when the piston is at half-stroke, to the extremity of the radius- 
crank, when the crank is horizontal ; or, in engines with the parallel 
motion attached to the cross-head, it is the distance fh)m the centre of the 
pin of the radius-crank, when horizontal to the centre of the cylinder. 

How to set the ParaUel Motion, — We have already described at page 210. 
the method of setting the parallel motion of a beam land engine. In 
marine engines, having fixed the centre of the parallel motion shaft in the 
manner just described, it only remains to put the parts together when the 
motion is attached to the cross head ; but when the motion is attached to 
the side rod, the end of the parallel bar must not move in a perpendicular 
line, but in an arc, the versed* sine of which bears the same ratio to that 
of the side lever that the distance from the top of the side rod to the 
point of attachment bears to the total length of the side rod. 

The parallel motion when put in its place should be tested by raising and 
lowering the piston by means of the crane : first set the beams leveC and 
shift in or out the motion-shaft, plummer-blocks, or bearings, until the 
piston-rod is upright Then move the piston to the two extremes of its 
motion : if at both ends the cross-head is thrown too much out, the stud in 
the beam to which the motion side-rod is attached is too fiir out and must 
be shifted nearer to the main centre : if at the extremities the cross-head is 
thrown too far in, the stud in the beam b not out far enough. If the 
cross-head be thrown in at the one end and out equally at the other, the &ult 
is in the motion side-rod, which must be lengthened or shortened to remedy 
the defect We have already given, in page 100., rules for the computation 
of the proper lengths of aU kinds of parallel motions, and by these rules 
the worknum may ascertain whether the rods furnished to him to be fitted 
together are properly proportioned. 

How to set the Slide- Fawes, — The first thing is to ascertain whether the 
eccentric-rod is of the right length. To determine this, put the valve in the 
middle of its stroke, so that both ports are covered equally, and fix it in 
that position. Next tnm round the eccentric on the shaft until the eccen- 
tric-rod has reached the furthest point of its travel from the shaft, and 
square up firom the side of the eccentric pin a line upon the rod. Turn 
round the eccentric again until the eccentric rod reaches the end of its 
travel towards the shaft, and square up another line on the rod from the 
other side of the pin. If the eccentric notch be equally distant from the 
lines thus marked upon the eccentric-rod, the rod is of the right length ; 
but if the notch be too far down upon it the rod requires to be shortened ; 
and if too fiir up, to be lengthened — in each case to an extent equal to the 
deviation of the notch from the central line. Thus, if on trial, the notch be 
found to be half an inch nearer to the lower than to the upper line, the 
notch will require to be shifted up a quarter of an inch, to plane it midway 
between the Imes ; and to do this, the rod must be shoriened a quarter of an 
inch ; whereas, if the notch be half an inch nearer the upper than the under 
line, the rod will require to be lengthened a quarter of an inch, and so on in 
all other proportions. 

The right length for the eccentric-rod having been thus obtained, and 
the rod bavins been adjusted thereto, the next step is to set the crank per- 
pendicular. ui a workshop this is easily done by a plumb-line, but m a 
steam- vessel recourse must be had to another method. Find on the sole- 
plate, or cylinder-mouth if a direct action engine, the transverse centre line 
answering to the centre of the shaft Describe on the large eye of the 
crank a circle of the size of the crank-pin, and lay off in a fore and aft 
direction from the transverse centre-line on cylinder-mouth or sole-plate, a 
distance equal to the radius or half diameter of the crank-pin. Stretch a 
line fh>m the point thus marked off to the edge of the circle described on 
the large eye of the crank, and turn round the paddle-wheeU until the 
crank-pin just touches the stretched line — the crank will then be perpen- 
dicular, and may be set by this method either on top or bottom centre. 

The crank having been set in a perpendicular position while the valve 
b set and fixed with the amount of lead it b intended to give, the eccentric 
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has only to be turned round upon the shaft until the notch comes opposite 
to the pin and the rod fidls into gear, to determine the right position of the 
eccentric on the shaft The situation of the eccentric may then be marked 
upon Uie shaft, and the catches fitted on in the usual wa^. The valve may 
first be set for going a-head, and ma^ then be set for gomg astern, — shift- 
ing round tiie eccentric to the opposite side of the shaft until the rod a^ain 
ftdls into gear. The position answerable to going a-head in some engmes 
irill be that answerable to going astern in others, depending on the way in 
which the engines are pla^d, 3ie arrangement of the levers, and the kind 
of valve employed. It is necessary to recollect that it is the catches which 
drive the eccentric, and not the eccentric the catches, mistakes having 
sometimes arisen from forgetf ulness of this condition 

It is impossible to give any general rule for finding the length of the 
valve levers or the throw of the valve. In most engines, however, the 
travel of the valve is twice the depth of the port, and the throw of the 
eccentric is equal to the travel of the valve, so that motion is neither 
gained nor lost by the levers. In engines which do not operate expan- 
sively, the depth of the valve face is equd to the depth of the port; but all 
modem engines have a certain amount of lap or cover on the steam side ; 
and some on the eduction side also. In the Thames and Medway steamers 
by Messrs. Mandslay, Uie travel of the valve is 16 in., and the length of 
valve lever 8] in. ; depth of port, 6 in. ; length of port, 26 in. ; distance 
fh>m upper edge of upper port to under edge of under port, 8 ft 9] in. ; and 
distance between extreme edges of valve &ces, 8 ft 9^ in. ; so that instead 
of there being cover upon the eduction side, the valve is one eighth of an 
inch short at each end, and will not cover the ports in any position. In 
some engines the upper face is made narrower than the under fkce. In 
Messrs. Mandslay's 50 horse power engines, the breadth of &e port is 
3 in., and its length 15 in.; the breadth of the lower valve fuse is 5 m., and 
of the upper one, 4} in. In the 48 inch cylinders of the same makers, the 
size of port is S| in. by 18 in. ; in the 54 m. cylinders the size of port b 
20 in. by 4 in. ; the valve fiu^es, 8 in., and 7^ in. broad ; and the length of 
the travel, 1 1 in. Other makers adopt different modes of setting the valves 
— we believe with little difference in the efficiency of the engine. We 
must refer the reader to the investigations and rules we have already given 
respecting slide-valves, as the best guide we can furnish for fixing the lap^ 
lead and other elements, in the absence of a uniformity of practice. 

How to put the Enginea into a Steam Ship, — First, measure across from 
the inside of paddle-bearers to the centre of the ship, to make sure that the 
central line, running in a tare and aft direction on the deck or beams, 
usually drawn by the carpenter, is really in the centre ; and if it is not, 
make a fore and aft line or mark that is in the centre. Stretch a line 
across between the paddle-bearers in the direction of the shaft: to this line 
in the centre of the ship where the fore and aft mark has been made, apply 
a square widi arms six or eight feet long, and bring a line, stretched per- 
pendicularly from the deck to the keelson, accurately to the edge of the 
square ; the lower point of the line where it touches the keelson will then 
be immediately beneath the mark made on the deck. If this point does 
not come in ihe centre of the keelson, it will be better to shift it a little, so 
as to bring it to the centre, altering the mark on the deck correspondingly, 
provided either paddle shaft will admit of this being done — one of the 
paddle-brackets bein^ packed behind with wood, to give it an additional 
projection fh>m the side of the paddle-bearer. Continue the line fore and 
aft upon the keelson as nearly as can be judged in the centre of the ship ; 
stretch another line fore and aft through the mark upon the deck, and look 
it out of winding with the line upon the keelson. Fix upon any two points 
equallv distant f^om the centre, in the line stretched transversely in the 
direction of the shaft ; and f^om those points as centres, and with any con- 
venient radius, sweep across the fore and aft line to see that the two are at 
right angles; and if not, shift the transverse line a little to make them sa 
From the transverse line next let fall a line upon each outside keelson, 
bringing the edge of the square to the line, the other edge resting on the 
keelson. A point will thus be got on each outside keelson perpendicularly 
beneath the transverse line running in the direction of the shaft, and a line 
drawn between those two points will be directiy below the shaft To this 
line the line of the shaft marked on the sole-pbue has to be brought, care 
being taken at the same time, that the right distance is preserved between 
the fore and aft line upon the sole-plate, and the fore and aft line on the 
central keelson. Before any part of the machinery is put in, the keelsons 
should be dubbed fiiir and straight, and be looked out of win^g by means 
of two straight edges. The art of placing engines in a ship is more a piece 
of plun common sense than any other feat in engineering; and every man 
of mtelligence may easily settle a method of procedure for himself Plumb- 
lines and spirit levels, it is obvious, dannot be employed on board a vessel ; 
and the problem consists in so placing the sole-plates, without these aids, 
that the paddle-shaft will not stand awry across the vessel, nor be carried 
forward beyond its place by the fituning shouldering up more than was 
expected. As a plumb-line cannot be used, recourse must be had to a 
square ; and it will signify nothing at what angle with the deck the keel- 
sons run, so long as Uie line of the shaft across the keelsons is squared 
down tnm the shaft centre. The sole-plates being fixed, there is no diffi- 
culty in setting the other parts of the engine in their proper places upon 
them. The paddle-wheels must be hung from the top of the paddle-box, to 
enable the shaft to be rove through them ; and the cross stays between the 
engines should be fixed in when the vessel is afloat To try whether the 



shafts are in a line, turn the paddle-wheels, and try if the dittanee between 
the cranks is the same at the upper and under, and the two horixootal 
centres ; if not, move the end of the paddle-shaft up or down, or backward! 
or forwards, until the distance between the cranks at all the foor oentrea 
is the same. 

MueeBaneouM BemarkB rttpediMg Marvu EmgiMee.—'The cylinders 
should be fdted, and then cased wiUi wood that lias been baked ontil it 
will shrink no longer. The steam-pipes should be cased in the same way, 
and the boilers shcmld be fdted, and Uien covered with sheet lesd, soldered 
at eveij jcnnt The whole of the screws about the engine should be made 
according to a uniform system of threads, and the nuts of the same sized 
bolts should also be of the same size, so that a single spanner will serve fbt 
those nuts. The spanners intended for polished nuts shoold be doae and 
single-ended, and tiiey should be themselves polished and cate-haidwied, 
and ranged in regular order on one of the engine-room bulkheads. Apair 
of brass-sheaved blocks for raising the cylinder cover, and another smuler 
pair lor raising the air-pump cover, riiould be provided ; and a stvoag 
screw, with a liurge eye at the end, for raising the paddle-whaeL Strong 
spanners should also be provided for the holding-down bolts, with eyes at 
the end, to which a tackle may be applied; and a box key fbr tigjiffimy 
down the boUs of the paddle-shaft plnmmer^blocks through the crank-batch. 
Tallow ketUes are little needed if the pistons and ^linder staffing^braea 
have metallic packings. Oil-cans and lamps shouli be ranged on a ibelf 
in separate stands, so that they cannot fidl off when the vcsmI rolls. For 
every article of engine-room fhmitnre there should be a convenient and 
conspicuous place ; and if there be any articles of spare gear, they shoold 
be all kept in eight Unless this be done, they are almost sure to be eaten 
up with rust, as neglect generally follows their stowage in an mif^naiCed 
or inaccessible place. 

In most steam- vessels a good deal of tronUe is caused by the holding* 
down bolts, which are generally made of iron. Sometimes they go through 
the bottom of the ship, and at other times they merely go throog^ tte 
keelson, a recess bemg made in the floor or timbers to admit of the intro- 
duction of a nut The iron, however, wears rapidly away in both cases, 
even though the bolts are tinned; and it has been fbond the preferable 
method to make such of the bolts as pass through the bottom, or enter the 
bilge, of Muntz's metal, or of copper. In side-lever engines fonr Monti's 
metal bolts may be put through the bottom at the crank end of the fhmung 
of each engine, four more at the main centre, and four more tt the 
cylinder, making twelve through bolts to each en^e; and it is more eon- 
venient to make these bolts with a nut at each end, as in that ease the bolts 
may be dropped down from the inside ; and the necessity is obviated of 
putting the vessel on very high blocks in the dock, in order to give room 
to put the bolts up from tiie bottom. The remainder of the holding^down 
bolts may be of iron ; and may, by means of a square nut, be screwed into 
the timber of the keelsons as wood screws, the upper part being fhmished 
with a nut, which may be screwed down upon the sole-plate, so soon as the 
wood screw portion is in its place. If the cylinder be a fixed one, it dMwld 
be bolted down to the sole plate by as many bolts as are employed to attach 
the cylinder-cover, and they should be of copper or brass, m any situation 
that IS not easily accessible. In well-formed bolts the spiral groove pene- 
trates about one-twelfth of the diameter of tiie cylinder, so that the ^iiymftitr 
of the solid cylinder which remains is five-sixths of the diameter over the 
thread. The strain to which iron may be safely suljected in machinery, 
is one fifteenth of its utmost strength, or 4000 lbs. on the square inch, so 
that 2180 lbs. may be sustained by a screw an inch in diameter at the oot- 
side of the threads. The strength of the holding-down bolts, therefbre, 
may easily be computed, when the elevating force of the piston or main 
centre is known, but it is expedient very much to exceed this strength in 
practice, on account of the elasticity of the keelsons, the liability to 
corrosion, and other reasons. 

A very useful species of oil-cup is now employed in a number of aceam- 
vessels ; and which, it is said, accomplishes a considerable saving of oil, at 
the same time that it more effectually lubricates the bearings. A ratchet- 
wheel is fixed upon a little shaft which passes through the side of the oil- 
cup, and is put mto slow revolution by a pendulum attached to it outside; 
and in revolvmg, it lifts up littie buckets of oil and empties them down a 
funnel upon the centre of the bearing. Instead of buckets, a f^ short 
pieces of wire are sometimes hung on the internal revolving wheel, the 
drops of oil which adhere to them on rising tram the liquid being deposited 
upon a high side set upon the funnel, and which in their revolution the 
hanging wires touch. By this plan, however, the oil is not well supplied 
at slow speeds, as the drops tall before the wires are in the proper position 
for feeding the joumaL Another lubricator consists of a cock or plug 
inserted in the neck of the oil-cup, and set in revolution by a pendulum and 
ratchet-wheel, or any other means. There is a small cavity m one side of 
the plug, which is filled with oil when that side is uppermost, and deUvers 
the oil through the bottom-pipe when it comes opposite to it. In some 
cases bearing|8 heat firom making a cruciform groove in the top brass fbr 
the distribution of the oil, the effect of which is to leave the top of the 
bearings dry. In the case of revolving journals the plui of cutting a cm- 
ciform channel for the distribution of tiie oil does not do much damage; 
but in other cases, as in beam-journals for instance, it is most iijorioas, 
and the brasses cannot wear well wherever the plan is pursued. The 
right way is to make a horizontal groove along the brass where it metts the 
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upper nirfiiee of the bearing, to that the oil may be all deposited on the 
lugheat point of the joomal, learing the force of grayity to lend it down- 
wairds. This channel thoold of course stop short a small distance from 
each flange of the brass, otherwise the oil would run out at the ends. 

The paddle shaft, where it passes through the vessel's side, it usually 
surrounded with a lead stnfBng-boz, wluch wiU yield if the end of the shaft 
fldls. This stuffing-box prerents leakage into the ship from the {Middle- 
wheels, but it is expedient as a further precaution to haye a small tank on 
the ship's side immediately beneath the stuffing-box, with a pipe leading 
down to the bilge to catch and conduct away any water that may enter. 
The bearing at the outer end of the paddle shaft is sometimes supplied with 
tallow forced into a hole in the plummer block cover, as in the case of 
water wheels, but for vessels intended to perfonn long voyages, it is pre- 
ferable to have a pipe leading down to an oil cup above the journal, frtmi 
the top of the paddle-box, tlm>ugh which pipe oil may at any time be sup- 
plied. The eccentrics should be fitted with pans beneath them to catch the 
oil which fells. In vessels fitted with Hall's oondensers, the pistons and 
stuffing-boxes must be supplied with oil instead of tallow, as the tallow 
eongeals in the pipes of the condensers and chokes than up. The bolts for 
hoimDf on the paddle floats should be made extra strong on account of the 
contMum to whieh they are sulgect, and the nuts should be made large and 
should be square, so that they may be effectually tu;htened up even ttiough 
te oomers are worn away by corrosion. Paddle £>ats, when consisting of 
more than one board, sfaiould be bolted together edgeways by means of 
boUs running across their whole breadth ; tiiey shodd not overhang the 
ring much at the outside of the wheel, else they will be very liable to be 
broken off when the wheel strikes the water heavOy. The aftermost paddle 
beam should come as close as possible to the wheel to prevent the spray 
from being carried up. The angular pieces or wales running from the ex- 
tremities df the paddle beams to tiie back of the deck houses, are best when 
fitted with iron gratings, as wooden gratings are liable from their greater 
opposing suifeoe to be carried away. The brackets supporting the paddle- 
box steps should consist of circular pieces running round the paddle-box 
from step to step, as when put on with isolated brackets the steps are liable 
to be carried away b^ the sea. The frmnel shrouds should consist of rope 
of the same dimensions as the shrouds of the main mast, but a few feet 
at the top should consist of chain^ as rope dose to the fennel would be 
bunted* 

It IS very difficult to fix engines effeetually which have once begun to 
work in the ship, for in time even the surfece of the keelsons on which the 
engines bear becomes worn uneven, and the engines necessarily rock upon 
it As a general rule, the bolts attaching the engine to the keelsons are too 
few and of too large a diameter ; it would be greOly preferable to have 
smaller bolts, and more of them. Twelve very strong brass or copper 
holding-down bolts going through the venel's bottom are sufficient, as we 
have already mentumed, for a side lever engine, and supposing the vessel 
to be a wooden one ; but there should be a large numb^ of wood screws 
securing the sole plate to the keelson, and a lai^ number of bolts securing 
the various parts of the engine to the sole plate. In iron vessels, holding- 
down bolts passing through the bottom are not expedient, and then the 
engine has merely to be secured to the iron phvte of the keelsons, which are 
made hoUow and admit of the most effectual attachment of the engine. 
Where the framing is of cast iron, it is very expedient to have one piece 
running across the end of the engines clear of the connecting rod, so as to 
bind the whole of the ftwnes together, and a cross diould extend horisontally 
between the intermediate frames immediately beneath the paddle shaft, so 
as to counteract the disturbing action of the connecting rods. At the 
eylinder jaw, if the frame works, the best -expedient appears to be the intro- 
duction of a number of steel tapered bolts, the holes having been previously 
bored out ; and if the flanges be thick enough, square keys may also be 
introduced, half into the one flange and half into Uie other, so as to receive 
the strain. If the jaw cracks or breaks away, a malleable iron hoop may 
be ^>plied round the cylinder, and that will m all cases be the preferable 
expedient, where from peculiarities of structure it can be as easily done as 
introducing bolts and keys. If the engines rock very much in the vessel, 
and are defective in other respects, it will be the preferable plan to take 
them out and thorouf^hly repair them, preparatory to their re-introduction ; 
and the keelsons will then have to be dubbed afresh, and the sole plates 
fitted carefelly to them. A common practice is to let the sole plates rest 
on the bolt heads, and then to fit in wedges all round until the vacuity is 
filled ; but it is preferable to fit the plates down solid upon the wood, and 
SBch is the practice of the best engineers. 

Rust joints are not now much used in marine engines, yet it is necessary 
that we should state how they are made. One ounce of sal-ammoniac in 
powder is added to 18 ounces or a pound of borings of cast iron, and a suf- 
ficieney of water is added to wet the mixture thoroughly, which should be 
done some hours before it is wanted for use. Some persons add about half 
an ounce of flowers of brimstone to the above proportions, and a little 
sludge from the j^^dstone trough. This cement is caulked into the joints 
with a caulking iron, about three quarters of an inch wide, and one quarter 
of an inch thick ; and after the caulking is finished, the bolts of the joint may 
be tried to see if they cannot be fruther tightened. The skin of the iron 
■ast in all eases be broken where a rust jomt is made, and if the place be 
greasy, the surfece must be well rubbed over with nitric acid, and then 
washed with water until no grease remains. The oil about engines has a 



tendency to damage rust joints by recovering the oxide. Coppersmiths 
staunch the edges of plates and the rivets by means of a cement formed of 
pounded quick-lime and serum of blood, or white of eg^, and in copper 
boilers such a substance may be nsefel in stopping the impalpable leaks 
which sometimes occur, though Roman cement appears to be nearly as 
effectuaL It would be worth trying, however, whether the mixture would 
not prevent the internal corrosion of boilers, if laid on as a paint Wire 
gause smeared with white or red lead and interposed between surfaces made 
quite true, appears to be the best description of joint yet introduced, and 
has now become identified with the practice of the best engineers. 

Metals used in the Qmatructum of Engines. — The general ambition in 
making cylinders is to make them sound and hard ; but it is expedient also 
to endeavour to make them tough, so as to approach as nearly as possible 
to malleable iron. This may best be done by mixing in the friniace as 
many different kinds of iron as possible ; and it may be set down as a 
^neral rule in iron-founding, that the greater the number of the kinds of 
iron entering into the composition of any casting, the denser and tougher 
it will be. The constituent atoms of different kinds of iron appear to 1^ of 
different sixes, and the mixture of different kinds maintains the toughness 
which adds to tiie density and cohesion. Hot blast-iron was at one time 
generally believed to be weaker than cold blast, but it is now found to be 
the stronger of the two. The cohesive strength of unmixed iron is not in 
proportion to its specific gravity; and its elasticity and power to resist 
shocks appear to become greater as the specific gravity becomes less. 
We have given, at page 26., the results of Ifr. Fairbaim's experiments on 
the strengtii of iron, and may here add the average results of a number of 
experiments made in Scotland upon the same subject The bars ex- 
perimented on, were one inch square and three feet long. Coltncss iron 
(No. 1.) bore a weight of 636 lbs., and the same iron (Na 3.) bore 649 lbs. ; 
Oartsherrie (No. 1.) bore 633 lbs. ; Shotfs (No. 1.), 594 lbs. ; Wilsontown 
(Na 1.}, 706 lbs., and (Na 2.^ 718 lbs.; Pintwyn (Na 1.), 681 lbs. ; 
Calder (No. 3.), 765 lbs.; Govan (Na3.}, 645 lbs.; Bumbow (Na2.), 
734 lbs. Bdlxed irons are found to be stronger. Coltness and Oartsherrie 
(Na 1.) bore 842 lbs. ; Coltness, Castiehill, Shott's, and Gartsherrie (Na 1.), 
639 lbs. ; Coltness (Na 1.}, and Bumbow (Na 2.), 677 lbs. A mixture con- 
sisting of 2 tons Pintwyn (Na 1.), 4 tons Pintwyn (Na 2.), 5 tons of Wil- 
sontown (Na 2.), 2 tons of Wilsontown (Na 3.}, 5 tons of Calder (No. 2.), 
and 4 tons of Cdder (Na 3.), bore 1,008 lbs. ; and a miscellaneous lot of 
old cast iron of the cold blast manufacture, from Wilsontown, bore 1,500 lbs 
Numbers 3 and 4. are the strongest irons in most cases : iron remelted in 
a cupola is not so strong as when remelted in an air frumace ; and when 
run into green sand it is not reckoned so strong as when run into dry sand 
or loam. The quality of the fuel, and even the state of the weather, exerts 
an influence upon the quality of the iron : smelting femaces on the cold 
blast principle have long been known to yield better iron in winter than in 
summer, probably from the existence of less moisture in the air ; and it 
would probably be found to be an improvement in iron-founding if the 
blast were to pass through a vessel containing muriate of lime, by which 
the moisture m the air would be extracted. The secret of making fine- 
skinned castings lies in using plenty of blackening. In loam and dry sand 
castings the charcoal should be mixed with thick clay water, and applied 
until it is an eighth of an inch thick, or more ; the surfiice should then be 
very carefrdly smoothed or sleeked, and if the metal has been judiciously 
mixed, and the mould thoroughly dried, the casting is sure to be a fine 
one. Dry sand and loam castmgs should be as much as possible made in 
boxes; tiie moulds may thereby be more rapidly and more effectually 
dried, and better castings will be got, with a less expense. 

In the malleable iron work of engines scrap iron has long been used, and 
considered preferable to other kin& ; but if the parts are to be case-hard- 
ened, as is now the usual practice, the use of scrap iron is to be reprehended, 
as it is almost sure to make the parts twist m the case-hardening pro- 
cess. In case-hardening, iron absorbs carbon, which causes it to swell : 
some kinds of iron have a greater capacity for carbon than other kinds, 
and in case-hardening they will swell more ; and any such unequal enlarge- 
ment in the constituent portions of a piece of iron will cause it to change 
its figure. In some instances case-haideniuff has caused such a twisting of 
the parts of an engine, that they could not snerwards be fitted together. It 
is preferable therefore to make such parts as are to be case-hardened to any 
considerable depth of Lowmoor iron, which, being homogeneous, will absorb 
carbon equally, and will not twist 

Piston-rods are now very generally made of steel, and are obtained of 
the requisite sixe and qiudity fitmi the rolling-miU. Steel is made almost 
exclusively ftt>m Dannemora iron: the bars are arranged in a femace about 
14 feet long ; a layer of charcoal is spread over the bottom, then a layer of 
bars, and so on until about 10 tons of iron has been introduced. The top is 
covered with charcoal, over which is a layer of sand, and above that a layer 
of slosh from the grindstone trough, applied wet the object of which is 
entirely to exclude the air. The fire is tiien lighted, and in about a week 
the iron will have incrcMed in weight a one hundred and fiftieth pan, 
and be found converted into blistered steeL These bars may then be feg- 
gotted and tilted, so as to form steel articles of any sise. In the operation 
of case-hardening the same process is carried on as in converting iron into 
steel, but it is only continued for such a time as to enable the charcoal to 
penetrate to a moderate depth. In our judgment all the malleable iron 
parts of a marine steam engine should be case-hardened, as they cannot 
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then be so easily defaced, by hammer marks or otherwise, and will be much 
less liable to mat. The more unwieldy portions may be case-hardened by 
prossiate of potash, a salt made from ammal substances, composed of two 
atoms of carbon and one of nitrogen, and which operates on the same 
principle as in the case of ease-hardening by means of charcoal. The iron 
as heated in the fire to a dull red heat, and the salt is either sprinkled upon 
it or rubbed on in the lump, or the iron is rolled in the salt in powder : the 
iron is then returned to the fire for a few minutes, and immersed in water. 
By some persons the salt b supposed to act unequally, as if there were 
greasy spots upon the iron whicn the salt refused to touch, and the efiect 
under any circumstances is exceedingly superficial ; nevertheless, upon all 
parts not exposed to wear, a sufficient coating of steel may be obtained by 
this process. The most common plan of case-hardening consists in insert- 
ing the articles among horn or leather cuttings, bone dust, or animal char- 
coal, in an iron box provided with a tight lid, which is then put into a 
fhrxiace, and kept hot for a period answerable to the depth of steel required. 
In some eases the plan pursued by the gunsmiths may be employed with 
convenience. The article is inserted in a sheet-iron case, amid bone dust, 
often not burned ; the lid of the box is tied on with wire, and the joint luted 
with clay, and the box is heated to redness as quickly as possible, and kept 
half an hour at a uniform heat. Its contents are then suddenly immerged m 
cold water. The carbonaceous lining in the inside of old retorts is some- 
times used in case-hardening with good efilect 

Steel is hardened by heating and cooling it suddenly, and softened by 
heating and cooling it slowly. A thin blade of steel, if heated, and placed 
between the cold hammer and anvil, will become extremely hard ; whereas 
a thick piece of steel would not be made hard by such a mode of treat- 
ment Mercury has been proposed, instead of water, for hardening steel, 
but its use is not attended with sensible advantage. Salt and water is also 
used, but the articles immersed in it are liable to rust, unless afterwards 
steeped in lime-water. Water which has been long used for tempering is 
supposed to be preferable to firesh water, and if the steel is harsh the chill 
is taken off the water. In the case of thin edge tools the water is some- 
times covered with a film of oil, but it is a question whether plain water is 
not preferable. The file makers medicate the water they use for temper- 
ing, and the method of doing so forms one of the secrets of the trade ; but 
it appears probable that a little white arsenic is the chief addition they 
make. A common practice with some steel articles is to make them in the 
first instance as hard as possible, and then to soften them somewhat, or let 
them down, as it is called, by heating them to a certain temperature, whic-h 
is indicated by the colour they assume. A pale straw colour, which is in- 
dicative of a temperature of fh>m 430^ to 450^, is the colour proper to tools 
for metal ; a dark straw colour, 470° to 490°, is that suitable for tools for 
wood and for screw taps ; a brown yellow, verging to a light purple, 500° 
to 530°, is the colour suitable for hatchets and saws ; and a dark blue, 550° 
to 600°, is the colour for springs. Steel dies may be tempered by heating 
them to the colour of sealing wax, plunging them into naphtha heated to 
200°, and so soon as ebullition ceases plunging them into cold water. It 
appears to be the prevailing opinion among experienced mechanists, that 
for the great miyority of articles requiring to be tempered, plain cold water 
is the b^ agent, but that fbr small elastic works oil is preferable. For letting 
down large tools, a red hot muffle is a convenient instrument, and is used in 
the Bank of England. Steel articles may be most effectually softened by 
exposing them to a high heat, imbedded in a mixture of charcoal and 
and chuk. Steel that has been spoiled by overheating may be recovered 
by heating and quenching in water four or five times, carrying each to a 
somewhat less degree thim the first excess, and finally the steel must be 
well hammered at a red heat, continuing the hammenng until the steel is 
nearly cold. 



Copper and tine seem to mix in all proportions, and every addition of 
zinc increases the fusibility. The red colour of copper slides into that of 
yellow brass at about 4 or 5 oz. to the pound, and remains little altered to 
about 8 or 10 oz. ; after this it becomes whiter, and when 32 oz. of zinc are 
added to 16 of copper the mixture has the Mlliant silvery colour of spe- 
culum metal, but with a bluish tint The alloys with zinc retain their 
malleability and ductility well, to about 8 or 10 ounces to the pound ; after 
this, the crystalline character begins to prevaiL The alloy of 2 zinc and 
1 copper may be crumbled in a mortar when cold. The ordinary range of 
good yellow brass, that files and turns well, is from about 4^ to 9 oz. to the 
pound. Brazing solders may be stated in the order of their hardness — 
3 parts copper and 1 part zinc (very hard) ; 8 parts brass and 1 part zinc 
(hard) ; 6 parts brass, 1 part tin, and 1 part zinc (soft). A very common 
solder for iron, copper, and brass consists of nearly equal parts of copper 
and zinc Muntz's metal consists of 40 parts of zmc and 60 of copper. 
Any proportions between the extremes of 50 zinc and 50 copper, and 37 
zinc and 63 copper, will roll and work at the red heat, but 40 zinc to 60 
copper are the proportions preferred. Bell metal for large bells consisti of 
4^ oz. to 5 oz. of tin to the pound of copper. Speculum metal oonaists of 
from 74 oz. to 84 oz. of tin to the pound of copper. Tough brass fbr 
engine-work, 1| lb. tin, 1^ lb. zinc, and 10 lbs. copper. Brass for heavy 
bearings, 2^ oz. tin, \ oz. zmc, and I lb. copper. There is a great differ- 
ence in the length of time brasses wear, as made by different manu&e- 
turers, but the difference arises as much fhmi a different quantity of snrfkoe 
as from a varying composition of the metaL Brasses should always be 
made strong and tiiick, as when thin they collapse npon the shaft, and in- 
crease the friction and the wear. 

Babbit's patent lining metal fbr bushes has latterly been introduced in 
the bushes of locomotive axles, and other machinery, composed of 1 lb. of 
copper, 5 lbs. regulus of antimony, and 50 lbs. of tin, or other similar pro- 
portions, the presence of the tin being the only material condition. The 
copper is first melted, and the antimony is added, with a small portion of 
the tin, charcoal being strewed over the metal in the crucible, to prevent 
oxidation. The bush or article to be lined having been cast with a recess 
fbr the soft metal, is to be fitted to an iron, formed of the shape and size 
of the bearing or journal, allowing a littie in size for the shrinkage ; drill a 
hole fbr the reception of the soft metal, say from } to ] of an inch diameter: 
wash the parts not to be tinned with a clay wash, to prevent the adhesion 
of ^e tin ; wet the part to be turned with alcohol, and sprinkle fine sal 
ammoniac upon it ; heat the article till a fume arises flrom the ammonia, 
and immerse it in a ketde of Banca tin, care being taken to prevent ox- 
idation. When sufficientiy tinned the bush should be soaked in water, to 
take off any particles of ammonia that may remain upon it, as the ammonia 
would cause the metal to blow. Wash with fine pipe clay and dry, then 
heat the bush to the melting point of tin, wipe it clean, and pour in the 
metal, giving it sufficient h^ as it cools ; the bush should then be scoured 
with fine sand, to take off any dirt that may remain upon it, and it is then 
fit fbr use. This mettd wears for a longer time than ordinary ^ an metal, 
and its use is attended with very littie fHction. If the bearing heats, 
however, fh>m the stopping of the oil-hole, or otherwise, the metal will be 
melted out 

Dbtails of Boilers. 

JRrvportums. — The plate we have given of the proportions of Boaltoo 
and Watt*s waggon boUers, of various powers, is a very valuable ffuide in 
the construction of all kinds of land, and even of marine boilers ; for those 
proportions have been fUly tested in practice, and found more satisfoctory 
than any other for ordinary occasions. We may here recapitulate the 
chief proportions of this species of boiler. 



Pbopobtion o7 Boulton and Watt's Waggon Boilers of various powers. 



Horses* Power - - - - 


2 
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18 
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ft in. 


ft in. 
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ft in. 


ft in. 


ft in. 
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Length .... 




4 6 


5 3 


6 


7 


8 


9 


10 


10 


11 9 


12 8 


13 6 


16 


19 


Breadth at water-line - 




3 2 


3 4 


3 6 


3 9 


4 


4 3 


4 6 


4 9 
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5 4 


5 6 
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Height .... 




4 I 


4 4 
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5 li 


5 6 


5 9^ 


6 


6 2} 


6 6 


6 8 
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Hei^t of water • 




2 6 


2 8 


2 10 


3 3 


3 6 


3 8 


3 9 
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4 


4 1 


4 -2 


4 9 


5 6 


Radius of crown • 




1 7 


1 8 


1 9 


1 10) 


2 
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2 3 
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2 6 


2 7 


2 8 


2 9 
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Heating sur&ce - 




30 


38 


46 


64 


83 


100 


118 
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176 


201 


297 


438 


Height of flue round boiler • 


- 


1 9 


1 10 


1 11 


2 4 


2 9 


3 1 


3 2 


3 5 


3 7 


3 9 


3 11 


4 


4 9 


TTidth of flue round boiler • 


. 


9 


9 


10 


10 


1 


1 


1 1 


1 1 


1 2 


1 2 


1 2 


1 4 


1 8 


Heating surfkce per horse power - 


15 


13 


11 


10-7 


10-2 


10 
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9-8 


9-7 


9-8 


10 


9-8 


9^ 


Capacity of steam room in cubic feet 


17i 


22( 


23} 


34i 


50 


64 


72 


80 


97 


106 


114-7 


190 


268 


Contents of water in cubic feet 


37 


40 


56 


76 


103 


134 


162 


205 


238 


270 


299 


282 


342 



The 30 and 45 horse power boilers contain internal flues. 



A pound of coal raises about 9 lbs. of water into steam, in the minority 
of g(x>d land boilers ; but in some of tiie Cornish boilers, a pound of eoal 
raises 12lb6. of water into steam, or a cwt of coal evaporates about 20 
cubic feet of water. The weight of ftiel burned on each square fbot of 
grate-bars varies very mnch in different boilers ; in waggon boilers it is 



about 12 or 13 lbs., in Cornish boilers flrom 3^ to 4 lbs., and in locomotive 
boilers about 80 lbs. The number of square feet of heating snrflwe for 
each square fbot of fire grate, is in wa^^^ boilers from 14 to 1 5 sonare 
feet ; in Cornish boilers, about 40 s<|nare fleet ; and in locomotive boilers, 
upwards of 70 square feet Reckomng an engine of 73 inches diitaMler of 
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cylinder, and 7 feet len^ of stroke at 217 hones* power, the area of fire 
grate in the most judiciously constmcted marine flue boilers, such as that 
of the Great Western, is '46 of a square foot, — the engine working expan- 
sively from one third to one fourth of the stroke. The heating surface in 
this boiler is 8*8 square feet per horse power, if the horse power be reck- 
oned by our rule, page 107., so that the heating snr&ce is 10 times the 
area of the grate surface ; and if the consumption of fuel be taken at 6 lbs. 
per horse power per hour, as it was very nearly, there will be about 13 lbs. 
of coal consumed per hour on each square foot of fire grate. In the tubular 
boilers latterly introduced into steam vessels, the proportions are somewhat 
diflTerent The boilers of the Bragama, reckoning the i)ower of the en- 
^oes at 289 horses' i)ower, have oidy '39 square feet of fire grate per horse 
power, while the heating surface is 11*98 square feet per horse power ; but 
the grate surface, in this case, admits of a ready increase by lengthening 
the bars. This is at the rate of 30*71 square feet of heating sur&ce for 
one square foot of fire grate ; and if the consumption be taken at 6 lbs. per 
horse power per hour, there will be 15*38 lbs. of coal consumed per hour 
on twuk square foot of fire grate. The grate sur&ce per horse power in 
the tabular boilers of the Tagus is *38 square feet, and the heating surfi^e 
is 7*78 square feet, which is at the rate of 20*39 square feet of heating 
iorikce per square foot of grate. In the tubular boilers of the Sydenham, 
the proportion is 21*64 square feet of heating surfiice per foot of grate, but 
the proportion of gr&te per horse power is larger than in the Ttigus. In 
the tubular boilers of the Ocean steamer (232 horse power) the grate sur- 
fSice per horse power is *59 square feet, the heating surfoce 13*48 square 
feet per horse power, which gives 22*84 square feet of heating surface per 
square foot of grate. The consumption of coal per horse power per hour 
is 8*68 lbs., which is at the rate of 14*71 lbs. per square foot of fire grate 
per hour ; but i^ for the sake of comparing it with the previous examples, 
the consumption be taken at 6 lbs. per horse power per hour, as would be 
the case if the engine were worked more expansively, then the consump- 
tion of coal per hour on each square foot of fire grate would be 10*17 lbs. 
These particulars may be tabulated thus : — 







Heating 










surface per 




Heating 






nominal 


Orate rarftce 


surface 


VetseU. 


Makert. 


horsepower. 

as estimated 
by Table, 
pp. 96, 97. 


horsepower. 


per 
square foot of 
grate surface. 


Great Wettem Flue boilers • 


Maudslay 


8-8 


•46 


19 


Braganxa - Tubular 


Burr 
Miller 


11*96 


*a9 


30-71 


Tigm - - Tubular 


7-73 


*M 


SO-39 


Ooeaa - - Tubular 


Horton 


13-48 


*fiO 


2*2-84 


Sfdenham • Tubular 
FfactnU. - Tubular 


Woolwich 






21-64 


Penn 


9-1 


*44 


20 



The boilers of the PhaauXf by Messrs. Penn, are represented in one of 
our plates. 

The amount of steam room in boilers varies very much. Waggon boilers 
of 2 horses' power, it will be observed, have about 8 cubic feet of steam 
room per horse power, and the proi)ortion diminishes as the size of the 
boiler is increased, until at 45 horse power the steam room is about 5 cubic 
feet per^ horse power. In the tubular boilers of marine engines, the pro- 
portion is less than this. The tubular boilers of the Bragama have about 
3*44 cubic feet of steam room per horse power; those of the Ocean, 2*58 
cuUc feet, while some have as little as 1*79 cubic feet; but these last are 
addicted to priming. The proportions of half a square foot of grate sur- 
fiuie, 10] to 11] square feet of heating surfkce, and 3 cubic feet of steam 
room per horse i)ower, seems to answer very well for tubular boilers when 
the engines work expansively through one third or one fourth of the 
stroke. In these estimations, the whole of the tube vaxhce is reckoned as 
effective surfiue. 

The proper arrangement of heating surface in a boiler, so as to prevent 
the overheating of the plates, is very important. Surfaces exposed to a 
high temperature should always be so made that the steam may disengage 
itself easily from the metal ; for if it be retained in contact with it for any 
considerable time, the access of the water will be prevented, and the plate 
will become overheated in consequence. The vertical sides of high fur- 
naces are often greatly damaged from this cause: the steam is retained 
among the landings of the plates and other irregularities of surface, and 
the sides of the surfiuse become buckled and drawn from the iron becoming 
overheated. It is very expedient, therefore, to make all furnaces of ma- 
rine or locomotive boilers wider at the bottom than at the top, after the 
fitthion shown in the plate of the Pluxnix steamer, by Messrs. Penn ; the 
landings of the plates should also be made so as to prevent the possibility 
of steam being retained in them. The aftermost tube plate should be set 
at a slight angle to facilitate the liberation of the steam ; and as the tubes 
will thus be somewhat off the horizontal, any water which may escape by 
leakage will run into the fhmace, instead of incommoding the firemen by 
ninning out of the smoke-box doors. 

GoM^metum n/Botkre, ^ The whole of the shells of boilers intended to 
widutand any considerable pressure, should be double rivetted, with rivets 
8{ inches fhnn centre to centre, the weakening effect of double rivetting 
being mnch lets than that of single rivetting. The fnmaces above the 



line of the bars should be of the best Lowmoor or Staffordshire scrap plates, 
three eighths thick, and each fhmace above the bars should consist of three 
plates, one for the top and one for each side, the underseam of the side 
plates being beneath the level of the furnace bars. The tube plates of 
tubular boUers should be of the best Lowmoor iron, seven eighths to one 
inch thick ; the shells should be of the best Thomycroft S crown iron, or 
of Staffordshire iron, of good quality, and seven sixteenths thick at the 
least Angle iron should not be used in any part of a boiler, as in the 
manufiicture it becomes reedy, like wire, and is apt to split in the direction 
of its length. It is a much safer dependence to bend the plates, if it be 
carefully done, and without any more sharp turns than can be helped, but 
it is convenient to use a little angle iron about the furnace mouths, which 
should be of the very first quidity. The whole of the plates of boilers 
should be punched with a double punch, one nipple of which enters the 
hole last punched, while the other punches the hole ; and it is very con- 
venient to have the punching press provided with a travelling table, 
whereby the operation of punching and paring the edges of the plates is 
made a self-acting one. The use of drifts and screw-jacks in putting the 
parts of boilers together, should not be permitted. The rivets should be 
of the best Lowmoor iron, eleven sixteenths in diameter. The whole of 
the work should be caulked both inside and outside, so far as it is access- 
ible ; the parts may then be washed over with a solution of sal ammoniac, 
and the nvets and landings above water painted over with a mixture of 
whiting and linseed oil, as mentioned at page 202. It is very desirable 
that the space between the furnaces and tubes of tubular boilers should be 
sufficiently large to enable a man or bo^ to get in. The bend joining the 
top of the furnace at the after end with the bottom of the tube pl^e, is 
very liable to get burnt away ; and its repair will be most difficult, unless 
made accessible from the inside to hold on the rivets. The boilers of the 
Sydenham, page 65., are very judiciously formed in this as well as in most 
other respects ; it appears expedient, however, to shield this and another 
such exposed part, where the heat acts iiyuriously upon the iron, by means 
of fire blocks moidded to the place, and secured by nuts sunk into dove- 
tailed recesses in the substance of the block, which recesses are finally 
filled up with fire clay. In new boilers even, such an application is most 
expedient in situations in which injury to the iron, from the impact of 
flame, is experienced or apprehended. The plate on the furnace side of 
the water-space at the end of the boiler should be inclined considerably 
towards the tubes to facilitate the ascent of the steam ; and it appears to be 
the preferable way to round off the top of the chamber leading from the 
furnace to the tubes, as in the case of the Braganza*s boilers, shown at 
page 67. It appears preferable, too, to zig-zag the tubes sideways, as in 
the case of the Braganza^a boilers ; as a greater strength of iron is thus 
got between the holes in the end plates, without diminishing the facility of 
scaling the tubes, or introducing any instrument down between them to 
keep Uie spaces clear. 

Tubing and staying o/BoHert. — The tabes of boilers are most generally 
secured at the ends by means of ferules driven tight into them, the holes 
in the end plates being usually countersunk, and a corresponding projec* 
tion being made on the ferules. The ferules next the furnace are best 
made of steel, while, for the other ends, malleable iron ferules answer as 
well. The tool in which the ferules are made consists of three pieces ; one 
piece is set in the anvil, and consists of a flat plate with a mpple on it, 
rising to half the depth of the ferule, and rounded at the comers; the next 
piece consists of a ring furnished with a handle, and with its lower edge 
recessed slightly into the flat plate so as to steady it, and this ring is larger 
in its internal diameter than the nipple by twice the thickness of the fenJe ; 
the last piece consists of another nipple made like the first, but formed 
with a head like a punch. A small hoop is formed by welding a piece of 
steel or iron, and is dropped into the space between the interior of the 
ring and the lower nipple ; the upper nipple is then forced down by striking 
the punch head with a forge hammer, whereby the ferule is moulded to 
the right form: the parts are finally taken asunder, whereby the ferule is 
liberated. 

In brass tubes the use of ferules appears to be indispensable, but in the 
case of stout iron tubes, such as RusselFs patent boiler tube, they are un- 
necessary ; and the best plan, when iron tubes are used, appears to be to 
widen one end of the tube slightly, and to drive the tube in from the ttont 
of the boiler into both tube plates, the holes in the front plate being made 
one sixteenth wider than those in the back plate, and the tube being 
widened corresi)ondingly. Before the tubes are driven in, the holes in 
the tube plates must be slightly countersunk, and the tubes must finally 
be carefully rivetted in. It will be expedient to screw a few of the tvibes 
into the tube plates instead of rivetting them, so as to serve as stays, and 
also as abutments to rivet the rest of the tubes against The screwed tubes 
should be left a little longer than the others ; and thin nuts made of boiler 
plate should be screwed upon the projecting ends to prevent leakage, and 
add to the security of the staying. In fitting in the tubes in this way, great 
care is necessary to make them perfectly tight ; and it will be expedient to 
turn the ends slightly in the lathe to give them a trifling taper, and make 
them all precisely of the same size. In driving them in, each tube should 
not be driven home at once, as that will spring out the iron between the 
holes, but they should be all fitted in first with the common chipping 
hammer, and when thus all equally fitted, they should be driven home by 
a heavy hammer, or ram. The countersink in the holes must be but 
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slight, and most be filled nther by rivetUng up endways than by rivetting 
over. In some cases, boilers are made with collars rivetted on the tubes 
immediately behind the tube plates, but this plan is attended with the ob* 
jection that a tube cannot be renewed without taking the boiler asunder ; 
and with the still greater defect, as it appears to us, that the ends of the 
tubes will be liable to get burned away in consequence of the internal 
collar preventing the access of the water. Boilers formed on this plan, 
therefore, will, we beliere, be found to become leaky at the ends of the 
tubes ; and unless stayed, independently of the tubes, the tube plates will 
be forced asunder by the pnsssure of the steam. 

We can best illustrate our views upon the staying of boilers by taking a 
particular case, and we may suppose that it was required to stay Uie boilers 
of the Phoenix, represented in one of our plates, in such a way as to be 
safe under a very high pressure. To do this, it would be necessary to stay 
the sides of the nimaces to one another by three stays in the direction of 
their height, and five or six stays in the direction of their length. The 
highest row of stays would run along where the crown of the furnace joins 
the side, and the lowest where the bottom c^ the fiimace joins the side, the 
third being situated in an intermediate position, so as to be shielded as 
much as possible by the furnace bars ftt>m the action of the heat. The 
bottom of each furnace should be stayed to the bottom of the shell by two 
rows of stays, and the tops of the furnaces should be secured by means of 
arched malleable iron hm, to which the plate would be stayed as in loco- 
motive boilers. These arches should touch the plates only at the points at 
which the stays go through, and their lower edges should be sharpened 
away in order to facilitate the disengagement of the steam ; they may be 
joined together athwartships, or made in the same piece, and from the part 
opposite each water space a row of stays should run to the top of the 
boiler. To enable these stays to pass, a perpendicular row of tubes must 
be left out opposite each water space, which will have the further advantage 
of enabling the water to circulate with greater facility. The steam chest 
should be stayed both fore and aft and across, with stays pitched 18 in. 
or 2 ft apart ; a row of athwartship stavs should run horizontally across 
immediatety under, and another immediately above the tubes, and fh)m 
the ends of the stays of the superior, to the ends of those of the inferior 
row, vertical bars should ascend between the tubes and the shell, to which 
the shell may be stayed while the sides of the water-space between the end 
of the furnaces and the end of the boiler are stayed with stays of the same 
dimensions and pitch as those of the fhmaces. These stays may consist 
of 1 j^ in. bolts of the best scrap iron tapped through both plates, and in the 
furnaces they should have thin nats of boiler plate on their ends ; but 
where stay bolts penetrate the boiler shell, they may have heads on the 
outside of the boiler. The whole of the long stay bars should be fixed in 
their places, not with cutters, as is the common fkshion, but with rivets ; 
they should be as it were built into the boiler, so that the safety of the 
boiler cannot be endangered bv the decay or accidental detachment of a 
cutter or pin. Where stays jom on to the root of the funnel, they must be 
continued, through it by placing short stays in the inside, and wherever 
a large perforation in the shell of a boiler occurs, fW>m the application of 
a steam chest or otherwise, a sufficient number of stays should be put 
across the opening to make the strength as great as if there were no 
perforation. 

Respecting the strength of boilers, we have already made some observa- 
tions at pages 82. and 83., where w« have stated that it is expedient to keep 
within a load of SOOO lbs. upon the square inch of iron in boilers in actual 
use. The breaking strain of good iron is about 60,000 lbs. on the square 
inch, but the best malleable iron will not bear a greater load than about 
18,000 lbs. on the square inch, without permanent derangement of struc- 
ture, or 17,800 lbs., as is stated at page 102. Tred^ld gives a rule for 
determining the strength of cylinders, cylindrical boilers, and other such 
vessels, which gives proportions not far fh>m those which are advisable. 
It is this : — Multiply 2*54 times the internal diameter of the cylinder by 
the greatest force of steam on a circular inch ; divide by the tensile force 
the metal will bear without permanent derangement of structure ; the 
result is the thickness in inches. In practice, the iron of boilers has some- 
times to sustain a greater strain than what is indicated in this rule. The 
utmost strain to which iron can be safely subjected in machinery, is 4000 lbs. 
on the square inch, and this strain is approached in locomotive engines. A 
cylinder 12 in. diameter, with a piston-rod 1} in. diameter, and with steam 
of 80 lbs. on the square inch, bears a tensile strain of 3766 lbs. on the 
square inch. Upon the iron of the boiler the strain is still f;reater, being 
about 5000 lbs. on the square inch. If the plate be <A thick, it will require 
3*2 in. in length of the boiler to make a square inch of sectional area, and 
if the diameter be 39 in., the separating force will be 39 x 3*2 x 80 » 9984 
lbs. But this strain is borne by a square inch of sectional area on each 
side of the boiler, wherefore the stram on a single square inch of sectional 
area is half of this, or about 5000 lbs. This takes no account of the sup- 
port derived fhmi the boiler ends, but in long boilers the support derived 
from the ends is but small, and is not equivalent to the wesikifess caused 
by the rivet holes. A strain at all approaching that upon locomotive 
boilers would be most unsafe in the case of marine boilers, on account of 
the corrosion to which they are subject All boilers should be proved 
with water when new, to three or four times the pressure they are intended 
to carry, and they should be proved occasionally by the hand-pump, when 
in use, to detect any weaknesses that corrosion may have created. In 



connection with the strength of boilers, we may state that the *< Adminis- 
tration des Fonts et Chaussees," in France, has fixed the following formula 
for the dimensions of safety valves for stationary engines. </« diameter in 
centimetres ; c^the total heating surfiu:e in square metres ; its the effective 
pressure in the boiler in atmospheres ; 



rf=2-6 . / ^—, 

/Y/ »-0-412' 



A m^tre is 3*28 feet and a centimetre is the hundredth part of a mdtre, 
or -0328 of a foot Every marine boiler should be provided with a safety 
valve, the action of which is independent of that of the stop valve, so that 
though the stop valve becomes deranged, the safety valve of that boiler will 
nevertheless act 

It is very desirable that a marine boiler should be fired fh>m the one 
end only, as in the case of the Fhoenix, a material saving of room being 
thereby effected in the ship. In that case, too, there is no inducement to use 
more than one funnel. Funnel plates are usually 9 feet long and A thick, 
and if there be a platform for coal over the boilers, it will be the best 
economy to make it of the same thickness, but the otber parts of the 
bunkers may be made of sheet iron weighing 8 lbs to the square foot The 
dampers should not be in the funnel, but in the top of the uptake, so that 
they may be closed if the funnel is carried away. It is expedient to put 
two hoops upon the fbnnel for the attachment of the funnel shrouds, so 
that the fhnnel will not be carried overboard should the bolts joining the 
lugs of one hoop break, or should the funnel break across at the top hoop, 
as has sometimes happened ftom the corrosive action of the steam escaping 
at the waste steam pipe. A high angle iron cooming should surround the 
funnel, on the deck, outside of which should rise a sheet iron casing, and 
this sheet iron casing should be rivetted to the cooming or made quite 
tight thereto, so as to prevent the possibility of water leakmg down on top 
of the boiler. Over the casing, another short piece of casing rivetted to 
the funnel should descend for about a foot so as to prevent the spray fhmi 
entering between the casing and the funnel, and thus getting down upon 
the boiler. The usual height of the Ainnel of sea^going steamers is from 
40 to 50 feet 

MiKeUaneoui Bemarka ahout Boilers, — All the rough nuts about a steam 
vessel which require to be screwed and unscrewed frequently, such as the 
bolts of the man-hole and mud-hole doors of the boiler, should have large 

Snare nuts, and the bolts should be strong and have coarse threads, 
exagonal nuts speedily become round in the hands of the firemen, by 
whom the mud-hole and man -hole doors are generally taken o£^ and fine 
threads soon get stripped and overrun. It is much the safest way to put on 
both mud-hole and man-hole doors from the inside, with cross bars on the 
outside to keep them closed. The plan sometimes followed, of putting on 
mud-hole doors from the outside, and securing them by one or two bolts, is 
a practice we have already reprehended as full of danger, as, if the thread 
strips or the bolt breaks, the door will fiy off, and the boiling water rush 
out scalding every one in the vicinity, jdud-hole doors of this kind, even 
if they leak, cannot be screwed up to tighten them when the steam is up, as 
there is a perpetual risk, in tightening uie doors, of stripping the thread or 
breaking the bolt 

We have already, in pages 84. and 93., made some remarks upon the 
corrosion of boilers, and have here but little to add upon the subject The 
tops and steam chests of boilers, and the bottoms of the ash-pits, are the 
first parts to give wa^. The steam-chest wears chiefly firom internal action ; 
in some cases the iron exfoliates in the form of a black oxide, which 
separates in flakes like the leaves of a book ; while in other cases the iron 
is, as it were, gouged away, and the heads of the rivets are worn of^ as if 
by an acid. It is most important that a remedy should be found for this 
evil, and it appears probable that by painting the interior of the boiler with 
successive coats of Roman cement or of some of the calcareous cements 
which resist the action of water, the internal corrosion of the boiler might 
be prevented. Canvass soaked in liquid cement has been proposed, but it is 
questionable whether the canvass might not on some occasion come oS, and 
i it got into the mouth of the safety valve orifice, it might cause the boiler 
to burst The ash-pits are worn away chiefly by the wetting of the ashes 
In the stoke-hole, and it is expedient to apply shield plates to those places 
when the boilers are made, which plates only will be exposed to wear, and 
may be easily renewed, leaving the ash-pits untouched. The best method 
of setting boilers appears to be to set them on a platform, and care must be 
taken that no projecting copper bolts touch the boilers in any part, as they 
will be very likely to contxle the points of contact into holes. The plat- 
form may consist of 3- inch planking, laid across the keelsons, nailed wiUi 
iron nails, and caulked and puttied like a deck. The surfoce may then be 
punted over with thin putty, and fore and aft boards of about half the 
thickness may then be laid down — ^the heads of the nails being well punched 
down. This platform must next be covered with mastic cement and the 
cement must he caulked beneath the boiler by means of wooden caolking 
tools, so as completely to fill every vacuity. (Roomings of wood must next 
be laid round the boiler, to confine the cement ; and die space between the 
coomings and the boiler must be caulked f^U of cement and be smoothed 
off with a slope on the top so as to throw off any water that may chance to 
£sll upon it Bfany cements suitable ibr the setting of boilers are sold 
ready made ; the following is one of the compounds sometimes used : — 
To any given weight of sand, or pulverised earthenware, add two thirdi of 
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tnch giten weight of Portland, Bath, or ao^ other timilar stone, palyerised. * 
To every five hondred and nztj pounds weight of these earths, so prepared, 
add forty pounds weight of lithar^, and, with the last-mentioned giren 
weights, comhine two poonds weight of pulverised glass or flint-stone. 
Then join to this mixture one pound weight of minium and two pocods 
weight of grey oxide of lead. The composition being thus mixed, pass the 
same through a wire sieve, or dressing machine, of such a fineness as may 
be requisite for the purpose intended, preferring a fine sieve, when the 
composition is to be used for works that require a fine, smooth, or even 
surfiice. It is now a fine and dry powder, and may be kept open in bulk or 
in casks for any length c^ time, without deterioration. When this com- 
position is intended to be made into cement, it is spread upon a board or 
platform, or mixed in a trough ; and to every six hundred and five pounds 
weight of the composition are added five gallons of vegetable oil, as linseed 
oil, walnut oil, or pink oiL The composition is then mixed in a simihir way 
to mortar ; it is afterwards subjected to a gentle pressure by treading upon 
it, and this operation is continued until it acquires the appearance of 
moistened sand. The cement should be used the same day the oil is added, 
otherwise it will fix or set into a solid mass. 

The large rivets somethnes used as stays for the shells of boilers, are 
oljectionable, as the heads very often come o^ and if the firacture be 
between the boilers In a position not accessible fh>m the outside, it will be 
necessary to empty the Aiulty boiler of its water, in order to repair the 
defect The sides of fhmaces should always be made to incline to each 
oUwr in the manner already mentioned, so that the crown is not so wide as 
the fira ban, and it is a good arrangement to place the bars adjoining the 
tides close against the smes throughout their length, so as to leave no air 
space in that situation. By this arrangement the intensity of the heat 
acting immediately against the plates of the sides is diminished. A crack 
in a plate is most conveniently closed, by boring several holes along its 
length, and closing Uiem with rivets having large heads which cover over 
the defect. If a patch be applied to the top of a ftamace or flue, it is better 
to apply it firom Uie inside of the boj^er rather than fh>m the flue, as in the 
latter case a recess is left into which deposit ftlls, and a hole is likely then 
to be burnt again in the same place. If the fhmace mouth be contracted 
by bending in the sides of the furnaces, as is the general practice, it is ne- 
cessary to be very carefiil that scale does not accumulate in these comers, 
else they will be very liable to be burnt into holes. The waste steam pipe 
should be set into a oucett at the bottom, instead of being constructed with 
a flange, as the neck of a flange will be broken by the movement of the 
fhnnelwhen the vessel rolls. The waste steam pipe should be as high as 
the f^omel, as, if lower, the waste steam continually striking against the 
funnel wears it out in that part very rapidly. The pipe for conducting 
away the waste water firom the top of the safety valve, should lead over- 
board, and not into the bil^ as the steam which passes through it when 
the steam is blowing off is mconvenient if directed mto the ship. Respect- 
ing fire bridges, the preferable practice, on the whole, appears to be to 
construct them of brick rather than to make them water bridges, as with 
water bridges there is often trouble ttotn the cracking of the plates. If 
water brid^», however, be used, they should be made with a gr^ inclina- 
tion in the breadth of the furnace, to facilitate the escape of the steam, as in 
the boilers of the Thames and Medway, paf;e 61., or of the Phoenix, page 
52. Flame bridges have been introduced mto the fhmace flues of steam 
vessels on some occasions, consisting of a pile of fire brick, between which 
and the sides of the flue only a space of about three inches is left for the 
flame and smoke to pass through, and the flame is spread in a sheet over 
the interior of the flue. Where the fine is very large, the use of a fiame 
bridge appears to be expedient, and in land boilers with large internal tubes, 
its use has been attended with beneficial results, but in the mijoritjr of 
marine boilers we believe that it will prove of but little service. Hanging 
bridges, consisting either of brick or sheet iron, descending fh>m the top of 
the flue, as explained at page 65., are very benefidai in the minority of fine 
bc^ers, but are inapplicable in the case of tubular boilers. A Venetian 
damper, however, or a perforated plate applied at the end of the tubes, 
would probably produce the same effect, as it might be made to retain 
the heat in the upper portion of the tubes by only opening it partially. 
Dampers of the Venetian blind description are used upon the South Western 
Railway ; their structure is more fully explained in our remarks upon the 
details of locomotives. 

LOCOMOnYE ENGINES. 

Cfmatd featuret of the BmUr. — The boiler is the most important 
part of a locomotive engine, and the nsefiil effect of the machine de- 
pends in a great degree on the boiler being capable of generating the 
requisite quantity of pure steam, wiUiout requinng the draught of air 
and flame through the fire and tubes to be accelerated or foiled exces- 
sively. Hie fire-box is that part of the boiler in which the heat is 
generated and partially absorbed, the remaining absorption taking place 
m the flue tubes, which convey the products of combustion fh>m the 
fire, throuffh the water, to the smoke-box, whence they are dissipated in 
the atmosphere. Of course the more nearly these products of combustion, 
at their entrance into the chimney, are found to have been cooled down to 
the temperatore of the water in tLe boiler, the more economical in fuel the 
boiler will, t&UriM parilnu^ be. To obtain the utmost economy in this way, 
the supeiflcial surfiice of the tnhes has been increased to the utmost extent. 



by enlarging the diameter and increasing the number and siae of the tubes. 
The boiler of Bury's 14-inch* engine contains 92 tubes of 2| in. external 
diameter, and 10 ft 6 in. long ; the boiler of Stephenson's 15-inch engine 
contains 150 tubes of 1} in. external diameter, and 13 ft. 6 in. long. It vnll 
therefore be seen that the superficial surface in Bury*s tubes is, compara^ 
tively, rather small, but yet the production of steam is found to be sufI* 
cienUy copious, with a blast-pipe of rather more than the average diameter; 
on the other hand, notwithstanding its gpreat sur&ce, Stephenson's boiler is 
found to require a smaller blast-pipe than usual. It seems highly probable 
that the extra intensity of blast requisite in the latter case consumes so 
much power to produce it, as completely to countervail the economy of 
fuel consequent on the very complete abstraction of the heat, by the great 
length of tubes in proportion to their diameter. 

In an experiment tried by Mr. Stephenson, the heating surface of the 
fire-box, where the heat is received by radiation, was found to be more 
effectual than the tube surfiice, where the heat is received by conduction, 
in the ratio of 1 to 3, and hence the heating surfiice of a locomotive is some- 
times estimated as the surfkce of the fhmace plus one-third that of the tubes. 

The shell, which is cylindrical, is attached to the smoke-box and fire-box 
by angle iron ; the end of the shell next the smoke-box is closed entirely 
by the tube plate, but at the smoke-box end the water has tree access quite 
round the internal fire-box, one side of which forms the tube plate. The 
shell, external fire-box, and the smoke-box are alwaj-s of iron, the thickness 
of plate being ^ in. in ordinary boilers of 3 ft to 3 ft 4 in. diameter, though 
in some cases it is ] in. t the pitch of rivets is IZ in., and the diameter 
of rivets U in. The shell is sometimes made with flush joints, a band 
of iron covering the joint attached by two rows of rivets. The boiler 
plates should have their flbres running round the boiler instead of in the 
direction of its length, as the plate is somewhat stronger in that direction. 
The boiler is secured endwise by longitudinal stays, which are fastened by 
cutters to jaws attached to the end plates. We have already made some 
remarks upon the strength of boilers, at pa^ 82, 83. 230. 

The blast pipe is the eduction pipe dimmished in area at the month to 
such a degree as to cause the steam to issue with a great velocity, whereby 
a powerful draiu^t through the fire is maintained by the steam rnshing up 
the chimney. The area of the mouth of the blast pipe varies in different 
engines, but an area of ^ of the area of the cylinder is a common propor- 
tion. A variable blast pipe, the orifice of which may be increased or 
diminished in area, is now much used. One arranffement for this purpose 
consists of the application of a regulator plate at the top of the blast pipe, 
with a hole through the centre of the plate, through which the nozsle of 
the blast pipe passes. When this regulator plate is closed, the whole of the 
steam has to ascend through the central nozzle ; but when the regulator is 
open, or partly open, a part of the steam escapes through the holes in it 
Another plan consists in the application of a movable plug within the 
blast pipe, which may narrow tiie escape orifice to an annular space of 
small area, the plug bein^ raised or lowered by a lever and rod. Stephen- 
son's method of contracting the blast is shown in the sectional drawing of 
one of his engines, given among our plates. It consists in making the 
nozzle of the pipe conical, and forming it to slide within the upright pipe, 
whereby an annular space is left fbr the escape of the steam around the 
nozzle when the nozzle is lowered. This appears to be a preferable plan 
to either of the preceding. 

The man-hole, or entrance into the boiler, consists of a circular or oval 
aperture of about 15 in. diameter, placed by Bur^ at the summit of his 
dome, and by Stephenson in the fWmt part, a few inches above the cylin- 
drical part of the boiler. The cover that closes this aperture in Bury's 
engine also contains the safety valve seats, thus simplifying the construc- 
tion by preventing the necessity of an independent aperture and cover for 
the saSfety-valves, as in Stephenson's engine, where the safety-valves are 
placed independently on the top of the dome. The steam-tight joint of 
the manhole cover is made in Bury's engine by a single thickness of 
canvass, smeared with red-lead ; and the joint is not liable to become de- 
flective or leaky, because the surfaces are turned true and smooth, both on 
the cover and its seat When these surfaces have not been made true in 
this manner, it becomes requisite to use a number of thicknesses of can- 
vass, or other material, to form the joint; and the action of the steam soon 
rotting away the soft substance, a leakage is caused through the joint, which 
makes repair indispensable. The small domes are of the same form as those 
used on the Grand Junction Railway, which are cylindrical vessels of about 
20 in. diameter, and 2 ft in height, with a semiglobolar top, are generally 
made of plate-iron, about ] in. thick, welded at the seam, and with the 
fiange at the bottom turned out of the same piece. In some cases, domes 
of this form have been constructed of cast-iron, about { in. thick, but they 
have been found objectionable fh>m their top weight, and they cannot be 
considered as altogether safe firom explosion. 

The steam whistle is generally plac^ upon the fire-box dome within con- 
venient reach of the engmeer. It consists of a cock (Jig. 324.), opening by 
four side holes into an annular chamber, whence the steam escapes through 
an annular aperture about ^ in. in width, striking in its exit the edge of a 
bell, fixed by a stem to the cock« whereby the sound is produced. The 
edge of this bell should be about ^ of an inch Uiick, and should be exactly 
over the opening, so that the issumg steam may impinge directly upon it. 

* Thit dinwnsion It tbt dismfr of qlindir, by which dimencioa locomoUvet «re ditdo- 
goiahad. 
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The metal ihonld be of linilw eompodticm to ilitt of clock bell*. The 
whittle i« lonietinieijainttd by mill] ing melWd l«td between in flugeud 







the dome-plate ; but it U better to fit the Borfccei »> truly together 
be steam-tight merely with the usijtsnce of one tbickneu of Inc "-' 
coated with read lead or cement, for lead will always be found 
by contact with high-prea«ore aleam, making cootinual renoTBtion aecefr- 
aary. Thia remark equally applies to the other joints connected to the 
theU of the boiler, inch as the gmuge-tube, blow-off cocks, and feed-pipcfc 
_ To aave the steam which is formed when the engine ii stationary, a pipe 
u ntled to the bmler which oonTey* the ateam at snch times to the tender, 
where it heat* the water and is itaelf condensed. This method of dispceing 
of tfiB steam is beneficial in descending inclined planes, when more steam 
is formed than ia reqaired for the na« of the engine. A cock ibr emptying 
the boiler ia osnally fixed to the bottom of the firu-boi ; this cock shoold 
not be placed at the (hint end of the flre-boi, as the foul water blown out 
of the boiler ia thrown over the gearing, which ia injured by the sand 
getting into the bearings. 

Firt-box. — Iron fire-boies have been extensively tried by Bury and others, 
and in cases where the plate-iron of which they were formed has betn of 
a pecoliarly perfect texture, and not liable to i|iin m m <' or crack under tJhe 
action of tbe beat, they have been found to answer exceedingly well, and 
not only to be much cheaper than copper, but also to laat at least twice as 
long before requiring renewal If the materials be very carefully selected, 
the a«e of iron fire-boxes will be found productive of economy, if only used 
in sitnations where pure water is obtaioahte. The duration of ordinary 
copper fire-boxes depends in a great measure upon the original texture of 
the copper, which ought to be rather coarse-grained than nch and soft, and 
dso particularly free fhim irregularity of structure and lamination. Con- 
aiderable advantages have been found to arise ftmn increasing the capacity 
<rf the fire-boi, more especially its deptli, which ought to be such as to 
allow of the requisite quantity of coke being placed within it without 
reaching above the mouths of the lower tubes, a &olt which wonld canae 
the smaller pieces of coke to enter and block up the tube^ to the manifest 
deterioration of the draught, and diminution of the efiioacy of the engine 
The heating snrface in the fire-box being of an extremely »alnable and 
efficient nature, and the eiteusive area of fire-lnr sur&ce being very con- 
ducive to fteedom of draught, we are induced to question whether Uie large 
square fire-box is not pro laitta preferable to tbe round one, which must 
Bsarily be very small, excepi on the 7-feet gauge, in which case the 
d fire-box offers decided advantages. The »quare Gre-boi ia generally 
.•i—a of iron, ( in. to J in. thick in every part except the tube plate, which 
haa been from J in. to J in. i but experience has shown considerable advan- 
tage iu making the tube-plate [ in. thick, as this grest strength prevents 
the space* between the tubes from being compressed, and the inbe holes 
rendered oval, in the processes of drifting and feruling the tubes ; however, 
this evil will be found to exist, even with a ] in. tnbe-plate, if the tube 
holea be placed in too close oontignity, as has been found the case in se- 
reral of Stephenson's engines ; ud, from practical observation, we find 
that I in. should be the minimum distance between any two tubea. The 
•ide«, back, and fhmt below the tobei, of the square fire-box, are stayed at 
iDtervals of *J in. to S in. with either copper or iron stays, screwed throngh 
the outer ca*e into the fire-box, and securely rivettcd ; bot, as the rivelting 
within the fire-box is found to decay rapidly, from the action of the heat, 
Mr. Dewrance, of the IJverpool and Manchester Railway, has adopted, 
with good results, stays formed with a large square head, and screwed from 
within the fire-box outwards, the sqnare head projecting 2 in. into the 
fiame. Iron stay-bolts for the fire-box are fonnd to last nearly as long as 
copper, and, from their superior tenacity, are often considered preferable. 
UoUl lately, it had been suppowd that round fire-boxes possessed such ad- 
vantages in point of strength over square anea, owing to their arched 
form, that they were capable of reaiating the pressure of the steam with- 



oot the OH of Mays; but (xperienca hai shown that, whatever be th* 
shape, a fire-box must be stayed more or leas to raider it safe, fw the then 
of the Bre-box is liable to be watted lo much by the beU, that it is not 
taft to depend altogether nptm the tmngth it* fotm eonfert, etpeually at 
the fbnn will be changed if the bmler be snfiered to become short MT water. 
In round Sre-boies, the sides near tbe crown part gaetally infite most 
fh)m waste : these portions are now provided with stays by Hcitrt. Bnij, 
Curtis, and Kennedy, who are the main luppartert cf roniid Bt«-boxe* i 
and with this provision the round fire-boxes are niiif lilj tbe unmgtr. 
The rooft of all fire-boxea require to be stayed by CTotfr-ban I bot the ban 
are reqnired to be both stronger and more nometoni Ibr the square lire- 
boxet^ and should always be carrftilly made of wruii^it>iroii, and veiT 
eareftillj fitted befitre being bolted on. 8uy-bai* of cast-itoa have been 
employed, on account of their cheapness t but, havinjr led trveral timea 
to accidents from exploeion, they are now discarded. These bars are oalj 
ia contact with the fire-box at the part around the rivets, and in all tlw 
other parts they permit the access of the water bekiw them. It ia ad- 
visable to bring theae bars to an edge on the onder side, so ai to <»i'ilitft t 
the escape of the steam. In Sharp aod Roberts's engines^ the &re>box k 
made of three pUtesi the tube plate and ftont pbte bve tUr cdgct best 
over, and to these are attached a siogje plate wUch fbrms the erown, and 
two sides of the Aimace, The interior fire-box is Jmned at fbot to the 
exterior by a Z shaped iron, which forma the bottOK <rf tbe water tpae^ 
and is prd'erred, inasmuch as it leave* a wide watacapaoe, and ia ca^j 
cleaned. The outer and inner fire-boxee are joined ronnd tbe ftunwa 
door, which is donble, to prevent inconvenient radiation. The extenial 
fire-box haa tomettmes a semi-cylindrical top, joined by turning over tba 
sides like on arch, and sometimes a dome-tfaaped top. 

The fire-bara have always been a source c^ much expenae in tbe loco- 
motive engine, as they bum out very rapidly, and have to be often re- 
newed ; fVom the rapid combustion going on over their upper anrtbces, they 
become heated intensely tbronghoiU, causing them to tluiiw off aeale, and 
to bend under the weight of Ihe ftiel. . The best remedy has been foond to 
consist in making the bare very thin and deep, so aa to keep tbeir lower 
edges exposed to a cooling draoght of air, and to liiminit ^ t]te am of metal 
conducting heat downwards fhnn dieir heated upper edges. Thin fire-ban 
admit of being phued nearer together than thick ones, thni oBtoring no 
increased impediment to free draught, while preventing the kss of amall 
pieces of nnbnml coke, which might otherwise drop throng into the ath- 
boi, and be wasted. Fire-ban have given much satisfaction when made 
i in. deep (parallel) and full | in. thick on the upper edge and | in. on tbe 
lower edge. The frame carrying the fire-bars ha» often been made '— pi Mt 
of being dropped on the InMant, with its fire-ban uid fire, into the adi> 
box, or upon the road, by means of catches drawn hack by levcnt but 
thoDgh the fire-bar frame is thus left unsupported, very often it wiD not dro;^ 
and even cannot be forced down oni of its place, owmg to tbe clinkers ai^ 
tarry prodncta of combnstion forming an adhesive lunding between ill 
edge and the fire-box ; it has accordingly been found best to support the 
fire-box fVame permanently, and when any cause requires the sudden with- 
drawal of the fire, to lift the fire-bars singly out of place, by means of tba 
ordinary dart. It is oecessary to place the fire-bars with their upper mr- 
hce about 3 in. higher than the bottom of the water-spacca, which, bv dtia 
means, will be allowed to contain quiescent water, ready to relaiii witboot 
iiyury any deposittbat subsides fhim the water, and the water-spaces shouM 
be periodically cleansed, by means of the mnd-holes placed opposite tbe edge 
of each water-space in the lower part of the outer fire-box abell. Theae 
mud-holeB are made water-tight by means of either a bfata ping mudy 
screwed in and with a sUgbl taper, or by a door applied with a soA paekmg 
on its face, and screwed up with a bridge-piece and bolt, making the Jmnt 
on the internal aarface of the oDter shell, tbe hole aod door bung made 
sufficiently oval to enable tbe door to be introduced into the water-qiace. 
The latter plan often gives rise to InconTcnience, from the joint being 
fbond leaky when the (team i* raised, rendering it neceesary to drop the 
fire, and empty the boiler, before it can be renewed. In some very lat^ 
square fire-boxes, such as those used on the Great Wettem Railway, a 
duphragm, or divisional 4-inch water-space, has been plaoed across tbe 
middle of the fire-box, with the view of obtaining increaaed heating wiribfft 
This diaphragm haa its lower edge (in which depont take* ^aoe) m^ 
straight, and about 2 in. below tbe general surface of the Dre-bars, bot iti 
upper edge Is of the form of an inverted arch, in order to promote the Ikee 
delivery of the ateam generated within it into the steam-dome. The udet 
of the fire-box, where the diaphragm it attached, are not cut away to liMm 
paisages fbr the water and steam, but are pierced with a aeries of circolar 
boles, 3 inches in diameter, to permit a due dreulation without uselessly 
weskeninr the fire-box: bnt the nppermoet bole of the series must be phmed 
at the highest point of the diaphragm, otherwise an accumulation of iteam, 
and consequent iujary at that point, will enaue. The use of a diaphragm 
is found to be beneficial in the case of a very powerful engine, provided ita 
npper edge be made sufficiently low to admit of the tubes being ctmveiu- 
enily drifted over it, and to allow the dart to be need with Ihcilily, in dnip- 
ping the front set of Gre-bart. 

'Tbe ash-box consists of a plate-iron tray, plaMd below the flre-box, to 
receive the burning ashes that drop fhim betwixt the fire-bars. lathe 
earlier locomotives, no ash-boxea being used, the red-hot aabet were dis- 
persed to a eonnderable distance by coming in eontaet with the whesja, 
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nd eonflagrationB irere often thereby originated. The ash-box should be 
MM large as convenient, and not less than 10 in. deep, otherwise it will 
materially impede the draught ; bat if of ample dimensions, and closed at 
the sides and back, it will increase the draught, particularly when runn'mff 
against a head nind, at which time a strong draught is required. A 
i fft wgifi g shatter to open or close the Aront of the ash-box forms a good 
damper. The bottom of the ash-box is placed about 9 in. above the level 
of the rails, and should on no account be nearer than 6 in., otherwise 
the engine cannot pass safely over stones or similar objects lying acci- 
dentally between the rails. 

Tubet, — ^The tubes are generally formed of brass ; the ferules by which they 
are secured are for the most part made of steel at the furnace end, and of 
malleable iron at the smoke-box end, and the holes in the tube-plates 
are tapered, so that the tubes bind them together. Great care should 
be ti^en in securing the tubes, as any neglect will be productive of much 
inconvenience. The ferules are found to be very injurious to freedom of 
draught, particularly in very small tubes ; and to overcome this objection, 
the methods we have mentioned and many others have been tried for 
fastening the tubes in by rivetting over or screwing into the tube-plates; 
bat hitherto no method, except that of internal tube-rings, has been found 
to answer in the case of brass tubes; but we think it likely that, with 
wrooght-iron tubes, internal tube-rings will be ultimately abandoned. 
Stephenson has frequently adopted iron tubes of late, in preference to 
brMS, on the score of their greater cheapness and durability ; and in 
some cases, where «nusual attention has been paid to them, and pure 
water used, they have been found to answer very welL A common in- 
ternal diameter of tubes is 1{ in. If made very small, the tubes are liable 
to be choked by pieces of coke, and the sectional area will be inconve- 
niently contracted, while, if made much larger, the heating sarfieure will be 
unduly diminished. The number of tubes varies considerably in different 
boilers ; in one species of locomotive in extensive use the number is 134, 
and the pitch 24 in. Sufficient space is left below the tubes for deposit, 
that it may not be in contact with the tubes and cause them to be burned : 
the extreme tube of the widest row is about the diameter of a tube from 
the boiler shelL In the longrboiler engines of Stephenson, from the volume 
of water contained in them, considerable time is required to get up the 
steam, even so much as three and a half hours where the ordinary engines 
take two hours, and they require great care in firing and feeding to prevent 
the steam running low. 

• Smoke-box amd Chimney, — The smoke-box door of many engines is hinged 
at the bottom, and is kept shut by means of handles and catches ; but the 
position of the door when open is in that case inconvenient, as it prevents 
ready access to the tubes. In some of Stephenson's engines, the smoke-box 
door is in two leaves, which open like the doors of a house, overlapping at 
the centre, where they are closed by a bar, and at top and bottom by handles 
and catches. This door admits of the easy examination of the cylinders 
and valves. A small door is usually left near the bottom of the smoke-box, 
by which the accumulated cinders may be removed. The bottom of the 
smoke-box should not be below the ash-pan, or be much nearer the level of 
the rails than 18 inches, else the waste-water cocks of the cylinder project- 
ing through it, would be liable to injury from objects lying on the line. 
The smoke-box is lower in goods engines than in passenger engines, on 
account of the driving wheels being smaller ; and, being coupled with the 
other wheels, the cylinder has frequently to be inclined to let the moving 
parts work clear of the front axle. 

The chimney must not stand more than 14 feet high above the rails. It 
is sometimes covered with a bonnet of wire-work to prevent the passage of 
cinders, but such wire-work checks the draugl\t, and is soon worn away and 
broken by the projected coke ; and a perforated plate is sometimes substituted, 
which is set across the smoke- box and below the blast This plate should 
be hinged, and be in two leaves, for the sake of convenience. The sectional 
area of the chimney is about ^ of the area of fire-grate. The chimney is 
nsoally provided with a damper, similar to the disc throttle valve of an 
ordinary engine ; this is generally hung off the centre, and a hole is made in 
it for the top of the blast-pipe, which projects through it when it is closed. 
Another damper has been applied by Messrs. Rennie at the smoke-box end 
of the tubes, consisting of a sliding plate perforated with holes, which when 
opposite the ends of the tubes will give a free current, and may be made to 
doae them completely if required. Another kind of damper consists of 
an arrangement of thin bars similarly disposed to the laths of a Venetian 
blind ; the plates being so hinged, that when placed with their edges to the 
tnbe plate, they leave the flow of air through the tubes unimpeded, and 
when hanging down they close up the tul^ or they partially close the 
tabes in any intermediate position. By either of these arrangements, the 
hot air is retained for a longer period in contact with the tubes than if a 
simple damper were used, as each tube is virtually furnished with a hanging 
bri^^ which keeps in the hottest air and lets only the coldest flow out 
An mconvenient degree of heat in the smoke-box is also prevented. The 
•moke-box is usually made of j^ plate ; the chimney of Jth plate ; the blast- 
pipe of )th copper, and the steam-pipe of f^ copper. 

Framimg. — The sutgect of outside and inside ftmning has already been 
discussed at some length at p. 191. ; and the best juatification of Messrs. 
Buy's adoption of the inside framing is, that most of the other engineers 
ar^ beginning to follow their example. In some engines the side frames 
eoiiiift of OML, with iron plates rivetted on each side. The guard-platea 



are in these cases of equal length, the frames being carved upwards to pass 
over the driving axle. Hsjrd cast-iron blocks are rivetted between the 
guard-plates, to serve as guides for the axle bushes. The side frames are 
connected across at the ends, and cross-stays are introduced beneath the 
boiler to stiffen the frames sideways, and prevent the ends of the connect- 
ing or eccentric rods from falling down, if they should be broken. The 
springs are of the ordinary carriage kind with plates, connected at the 
centre, and allowed to slide on each other at their ends. The upper plate 
terminates in two eyes, through each of which passes a pin, which also 
passes through the jaws of a bridle, connected by a double-threaded screw 
to another bridle, which is jointed to the framing : the centre of the spring 
rests on the axle-box. Sometimes the springs are placed between the 
guard-plates and below the ftimiing, which rests upon their extremities. 
One species of spring which has gained a considerable introduction consists 
of a number of flat steel plates, with a piece of metal or other substance in- 
terposed between them at the centre, leaving the ends standing apart It 
would be preferable, we conceive, to make the plates of a common spring 
of different curves, so that the leaves, though in contact at the centre, 
would not be in contact at the ends, but would be brought into contact 
gradually as the strain comes on. A spring would thus be obtained that 
was suitable for all loads. 

A common mode of connecting the engine and tender, is by means of a 
rigid bar with an eye at each end, through which pins are passeid. Between 
the engine and tender, however, buffers should always be interposed, as 
their presence contributes greatly to prevent oscillation and other irregular 
motions of the engine. A bar is strongly attached to the front of the 
carriage on each side, and projects perpendicularly downwards to within a 
short distance of the rail, to clear away stones or other obstructions that 
might occasion accidents if the engine ran over them. The axles bear 
only against the tops of the axle-boxes, which are generally of brass ; but 
a plate extends beneath the bearing to prevent sand from being thrown 
ui)on it The upper part of the box in most engines has a reservoir of oil, 
which is supplied to the journal by two tubes and siphon wicks. Stephen- 
son uses cast-iron axle boxes with brasses, and grease instead of oil, which 
is fed by the heat of the bearing melting the grease, and causing it to flow 
down through a hole in the brass. All the engines with outside bearings 
have inside bearings also ; they are supported by longitudinal bars, which 
serve also in some cases to support the piston guides : these bearings are 
sometimes made so as not to touch the shaft unless in the event of its 
breaking. 

Steam-^ome Pipea and Regulator, — The steam-dome, or separator, 
from the upper part of which the supply of steam is obtained, is now 
generally placed over the fire-box; and in Bury's and Stephenson's 
engines it forms a part of the external shell of the fire-box ; whilst in 
the engines used on the Grand Junction Railway, it consists of an 
independent cylindrical vessel, attached to the low roof of the fire-box. 
Either this latter plan or Bury's is perfectly safe and strong, without 
the addition of stay-rods ; but Stephenson's dome presents a large ex- 
tent of flat surface, from the roof of the internal fire-box up to the arched 
roof of the external fire-box ; and this flat surface requires to be powerfully 
stayed by angle-irons and tension-rods. We remember an instance in 
which the accidental omission of one of the numerous tension -rods led to 
the forcing out and partial explosion of the side of the fire-box, showing 
how much depends on the circumstance of these rods, with their joints and 
pins, remaining sound and uninjured from corrosion or other source of 
injury or decay. In this respect the round fire-box, with its dome, as 
formed by Bury, has the advantage of superior strength and safety. A 
large steam-dome is found to be the most efficacious mode yet tried for 
preventing the evil of priming or damp steam ; but no height of dome will 
entirely prevent it if tnere be not space enough left above the tubes in the 
cylindrical part of the boilier to allow the free passage of the steam along 
to the fire-box and dome, while an excessive height of dome is also found 
to produce an unsteady motion of the engine* by causing the machine to 
be top-heavy. A height of about 2 ft. 6 in. above the cylindrical part of 
the boiler is found to give satisfiictory results in practice, and to lead to 
the production of as pure steam as any greater altitude could secure. In 
some engines the steam is withdrawn from a dome placed at the smoke- 
box end of the boiler, into which the steam- pipe rises. It is thought that 
the ebullition being less violent at this point, the steam will thus be more 
effectually dried. The steam-pipes are made either of iron or copper, and 
of these iron best withstands the high temperature of the smoke-box and 
the impact of the cinders, but it is liable to internal corrosion. The steam- 
pipe, after entering the smoke-box, divides into two branches, one passing 
down each side of the smoke- box so as to leave a free space for cleaning 
the tubes, and also to avoid as much as possible the impact of the hot air 
and cinders; but in some engines the steam-pipe descends vertically, which 
is somewhat inconvenient in practice. The area of the steam-pipe is one- 
sixth to one-eighth of the area of cylinder, and the branch steam-pipes are 
each about one-tenth of the area of cylinder. 

The admission of the steam from the boiler to the cylinders is regnlated 
by a valve or regulator, which is generally placed immediately above the 
internal fire-box, and is connected with two copper pipes, one condnoting 
steam fhnn the highest point of the dome down to it, and the other con- 
ducting the steam that has passed through it along the boiler to the upper 
part of the smoke-box. Regnlators may be divided into two. sorts, vix. 
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thoM vilb didiDe vtlTe* *nd iteam porta, and tboie vilh conical Tslvet 
•nd (MU. of which the latler kind ire the best. The former kind iatt 
far the mot part hitherto coDiiated of a circular valie and face, with ndial 
■penam, the Talve retemblbg the oat->tretched wid^ of a batterfly, and 
heing made to rerolve oa iti central pivot, bj coimecting-linki between iu 
o«l«r adgci or by a ecDtral ipindle. One of theae regulator! ii ahowa ia 
<^ 319., which make* iu mode of operatioa aoffieicatJy app«r«QL Thia 




Ipcciea of regalator ia eaallj worked, bat ia not very iccesaiblr, and u the 
fiues ar« merely prtijeciing rioi» round the boles, the ateam will leak 
througli, and the engine may go on nnlesa the regulator be critically closed. 
In Bome of Stephenson's enginea with variable expansion gear, Ae regu- 
lator eoniiata of a slide valve covering a port on the (op of the valve chests. 
A rod passes from this valve through the smoke-box betow the boiler, and 
by means of a lever parallel to the starting lever, is brought up to the 
engineer's reach. Cocks were at first used as regulators, but were given 
up, as they were found liable to stick ^L A gridiron slide valve has 
been used by Stephenson, which consists of a perforated square piste 
moving upon a face with au equal number of holes. This plan of a valve 
with a small movement gives a large area of opening. In Bury'a engines 
a sort of conical plug is used, which is withdrawn by taming the handle in 
front of the fire-boi ; a spiral groove of very large pitch is made in the 
vilv« spindle, in which flts a pm fixed to the boiler, and by turning the 
spindle in end motion is given to it which either shuts or openi the steam- 
passage according to the direction iu which it is tnmed. The best regu- 
lator would probably be a valve of the equilibrium description, such as is 
used in the Cornish engines. 

Sa/etf ValotM and FuiihU Ftitft. — The saftty-valves. ai we have ob- 
served, are placed apon the dome. In Dury's and Stephenson's engines ; 
but it has been found much better to place them on the cylindrical part 
of the boiler, as is the arrangeraenl In the engines constructed by Mr. 
Dewrance for the Liverpfiol anrl Manchctter Railway, because when an 
engine commrnces to prime, the water projected from the blast-pipe ge- 
nerally caosea an unusual generation of steam, which escapes at the safety- 
valve, and in its passage of course accumulates and lifts (he sarface-wa(er 
and foam at whatever point of the boiler the safety-valves are sitna(ed ; 
thus the farther they are placed from the steam-dome the better, as they 
will then dimmish the evil of priming, which, if placed npon the steam- 
dome, they wonld only aggravate. Indeed, if the saftty-valvcs are pro- 
perly situated, an enginemnn has the great advantage of being able to 
check or stop the priming of the boiler on the instant, by causing his 
safety-valve* to blow off strongly. It ia requisite to place the safety- 
valvea npon a tabular pillar, of such altitude as to prevent the escaping 
eland of steam trooi obscuring the look-out of the engineman. Burr's 
14 in. cngina contain* a pair of safety-valve* of S) "i- diameter, excin- 



tive of the mitre; and Stephenson'* IB in. engine contain* a pt^rof 4 in. 
diameter. The latter dimensioii is preferable, as large safMy-viltei an 
much less liable to adhere to their seats than small ones. BafMy-valve* 
require to be tested occasionally ; and the best method consists in attaohlng 
the valve J nut-pin to one end of an ordinary pair of sealea, when the «v«r* 
balancing weight at the reverse end will indicate the r^ preHnra npoB 
the valve, which exceeds the nominal pressure by the weight and flietioo 
of the lever, with its joints and ipring-baUace, and the adhesion of the 
valve to its seat. To bring this adhesion to a winlmnm. It is a good plaa 
to make the lip of the yilie-seat somewhat flatter than a nutre, that ia, 
at a le** angle than 4S° with the horiion : 30° answers very wclL 

The safiMy-valve is pressed down by means of a lerer, as shown « pue 
I9B ; atid a screw at ila extremity is attached to a spiral spring balance. To 
find the pressure per sqaire inch, we have only to mnltiply the weight in- 
^cated on the scale, by tbc ratio of the two arms of the lever, and divide 
the product by the number of square inches in the area of the valve; bntto 
save the trouble of calculation, the ratio of the arms of the lever is made so 
a* to be expressed by the number which represents the area of the valve, 
•o that the weight marked on the balance is the preaanre per sqttare il»eh 
npon the valve. Some allowance must be made for the weight of the valve 
itaeltandpart of that of the lever. It i« expedient to pnt a stop upon the aerew 
by which the lever is screwed down or the tension of the spring ineretaed, 
■I) as to prevent the preaanre from exceeding a safe amoaat. Loek-«p 
valves, which were intended as a precaution against the reeklessnea or 
neglect of the engineer, have &llen into disfavour, u from such valves bwM 
inaoeeitiUe and seldom being required to act, diey became fixed in thor 
Fig. 386. 
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seats i but It is an easy thing to make a valve which can be raised, bat 
cannot be forced down by the engineer, and such valve* are in general nse 
in steam vessels. In the engines of Cav£, Hick, and Jackson, one of the 
valves is permanently loaded a little above the osnal ;>reaaure, and enclosed 
in a chMt ; it ii usually made with bent, flat, steel aprings, pressing acainat 
one another, and goided by standards screwed to the valve-seaL One of 
these valves is shown hjfig, 32G. 

A plug of lead is uaoally fixed in the furnace crown, which melts if the 
boiler becomes short of water, and gives notice of the danger. In some 
engines a cock is attached to the top of the steam-dome, aaiut which 
a small diac of fuaihle metal ia retained by a ring of bras* boltsd to the 
cock, and which ia intended as an antidote to explosions. When the eock 
is opened, the steam has aceeaa to the under side of the ftauble plate, which 
when melted is forced through the smalt hole in the retaining pli^i and 
the engineer being thus warned of the undne ^ressare, can shut the ooek 



and take meaaun 



a reduce the pressure. This, however, is ahogetber a 



this cock and small pipe to melt the metal : and e 
remedied, the otyectlona still remain which we stated in page 83., a* apply- 
ing to alt fnsible plugs, and the danger is increased by leadmg the engmen 
to tnul to a measure of safely that is inoperative in the hour (J danger. 
Steam gauges have not been applied hitherto to locomotives, on aecoont of 
the incoavenient height of the column of mercury requiaite to balance the 
steam. But it wonld be an easy thing to make a steam gauge of moderate 
dimensions, by making the tnbe, whether straight or syphon, of glass closed 
at the top. so that the mercury in its ascent would have to compress the 
tit above it ; ajid the giwluations woiild be eqnal, or nearij so, iif the tnbe 
were made taper. 

Cj/Hndtrt and Value: — The cylinders are made of cast iron, abo« three' 
quarters of en inch thick, and shonld be of hard metal, so at to have but 
little tendency to wear oval fWim the weight and friction of die pittnn. 
The enda of the cylinder are made abont one inch thick, and both end* 
ate very generally made removable. At each end of the cylinder there i* 
generally about half an inch of cleaianee. Ilie valve u invariably of the 
three-ported description represented in page in. : it ii made of braa^ and is 
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Mt p««Mi]l npon hj die Tain caiiiigi u it it Bteeuaij b th« tiittaet of 
nimder caespe rtitet that the ttMni vrItc ihoold be capable of leanng 
tM he» to entbte the Uaam or air that witbio the cjlinder to eac^M when 
the bain ia eanied on hy iu momentom, and alio to affiird an eteape for 

*"" — ' ■ r b; the ueam when priming^ take* fl>oc- The 

ipon the cTliDden and nlTCt it rerx uOniiona, ai 
ihen earned over with the iteam wear* the ^luina, 
erlinden^ utdralfe ftcet verrre^dlj; to that if the water be taodf and 
tba engine addicted to priming, iht pistons and Ttlvet may be wom ant 
and the erlinden reqaire re-boriog in the conne of a few montha. 

Tlie Ttlre eating it tometiiiiei eait on the crlinder : tbe face of tlie 
eyiiadcr, on which the Tilre worki it nited a httle, >o that any foreign 
mattera depodled upon it may be poihed off to the leaa eleraled paiti by 
tba *alT«, The area of the steam ports is in aome case* oae-ninth, and in 
Mlwn one-twelfth or one-ihirteentli of the area of the cylinder; and the 
•dnotion one-iizth to one-eighlb of the area of tbe cylinder, — propnitiona 
whioh allow at mean speeds of twenty-fire to thirty miles per hoar, a pr«t- 
aort Uttle different ftnm tbat of the iteam in the steam pipes : fbr higher 
9«edt Ute porta ihonld be lai^r in proportion. The ial*e caaing ia oorered 
with a door, wliich can be removed to inspect the Talvea or the cylinder 
ftefc Some talTe catinga have covers upon their front end at well at their 
top, which admits of the valve and valve bridle being more readily re- 

A eock it placed at each end of the cylinder to allow the water to be 
ditoharfed which aceomulatea there ftom priming and condensation. The 
fcor eocka of the two eyiinden are conn«eted, ao that by worliinK a handle 
the whole are opened or shut at the same time. In ^pheoto^s engines 
with variable expansion, then ia but one cock, which ia on the bottom of 
the valve cheat 

The valve lever U nsnalty longer than the eceentrio lever, to increase 
the travel of tbe valve. The pins of the eccentric lever wear quickly. 
Slephenaon pnts a femie of brats on these pins, which being loose and act- 
ing as a roller, fkcilitales the throwing in and oat of gear, and when worn 
can eaul; be replaced ; so that there need be no material derangement of 
the motion of the valve from play in tbia situation. The starting lever 
travels between two iron segments, and can be fixed at the dead point or 
for the fbrward or backward motions. This is done by a small catch or 
bell crank Jtunted to the bottom of the bandle at the end of the lever, and 
coming np by the side of the handle, bat pressed out Oom it by a spring. 
The smaller arm of this bell crank is Jointed toa boltwhichshoots into notchea 
made in one of the segments between which tbe lever moves. By pressing 
the bell crank against the handle of the lever, the bolt is with^wn, and 
the lever may be shifted to any other point i when the spring bdng relMsed, 
the bolt flies into the nearest notch. 

We have already discossed the subject of locomotive pistons at pages 
194. and 19S., and can here only add that the pistons which consist of a 
angle ring and tongue piece, or of two single rings set one above the other 
ao as to break joint, are preferable to those which consist of many pieces. 
In Slephenson's pistons the screws are liable to work slack and the springs 
to break. The piston-rods art made of steel, the diameter being from one- 
seventh to one-eighlh of the diameter of the cylinder. They are tapered into 
the pitton, and tecnf«d there with a cotter. The top of tbe piston-rod it 
teenred by a cotter into a socket with jaws, throngh tbe holes of whicb a 
croaa-bead paases, wliieh is embraced between the jaws by the small end of the 
connecting rod, while the ends of the cross-head move in gnidet. Between 
the tnston-rod dutch and the guide blocks, the feed-pnmp rod Jmns the 
crosa-head in some engines. The guides are fonned of steel plates attached 
to the fkaming. between whicb work the guide blocks, fixed on the ends of 
the cr««s-head, and which have flanges bearing against the inner edges of 
the gnjdea. Steel or brass guides are better ihan iron ooes. Stepheoson and 
Hawthorn attach tbeir guides at one end to a cross-stay, — at the other to 
logs npon the cylinder cover; and they are made stronger in tbe middle 
thin at the ends. Stont gaide-rods of steel encircled by stnffiDg-boleS on 
tht ends of the cross-head would probably be found inperior to any other 
arrangement. Tbe sluffing-boxes might contain 
coaicalbushes cut spirally, inaddition to the packingi 
and a ring cut spirally might be sprang npon the 
rod and fixed in advance of the stuffing-box with 
lateral play, to wipe the rod befbre entering the 
Btofflag-box, and prevent it ftom bnng acratched 
by the adhesion of dust 

Fttd JppartttuM, — The feed-pumps are made at 

brass, but the plungers ai« sometimes made of iron, 

and are generally attached to tbe piston-rod cross- 

head, though in Stephenson's engines they are 

worked by rods attached to ejn on the cceentrie 

hoops. There is a ball valve between the pnmp and 

the tender, and two osnslly in the pipe leading 

from the pomp to the boiler, besides a cock close to 

the btnler, by which the pump may be tbnt off bom 

the boiler m the caae of accident to the valves. 

a*ia vuvn. tJm ball valves are ^ided by Ibnr branches which 

rise vertically and Join at lop in a hemiapherical 

Ibnn, *• sliown In flg. 31T. Tbe shocks of the ball agunst this have 

in ioOM CMti broken it after a week's woA, frnrn the lop of the tafn 




having been made flat and the branchea not having had their jonctica M 
lop properly lllletted. Theae valve guards are attached in dilhrent waya 
10 dte pipeii when one ocenn at the jnnetioQ of two fieom ofpipe it 
bat a flange, which, along with the flai^ of the pipes and t^ (rf the 
valve seal, are held logeUier by a anioo jmnt. It is aonetiMM Anted 
with a thread al the u^er end, and acrewed into the pipe. I^ halli are 
cast hollow, to lessen tbe shook aa well aa tonveswiali inacMeeaM^ 
where Om fked-pmnp plunger has been attached to the rrnti bead, the 
piston-rod has been beat by the strain; and that must inallcateaoccnr if the 
communication between the pump and boiler be doted when the engine it 
started, and there be no esc^M valve fbr the water. Spindle valves have in 
some cases been used instead of ball valves, bat they are more tolject to de- 



pnmps of locomotives is precarioos, at if the valves leak in the sli^iteet 
degree, the steam or boiling water from the bailer will prevent the pomp 
from drawing. It appears expedient, therefore, that the pnmpa thoold be 
far from the boiler, and should be set among the feed water, so that ikej' 
will only have to force. If the pomp were arranged in the manner we 
have now recommended, the boiler could still be ttd r^ularly, though the 
looomotive was standing still ; bat it wonld be prudent to have one ponp 
still wrou^l in the nsoal way by tbe engine, in case of derangement of tin 
other, or in case the pnmp in the lender migbt freese. Tbe pipea oonnect- 
ing the tender with the pumps should allow acceas to tbe nlvea and free 
motion to the engine and tender. Thii end is attained by the use of hall 
and socket Jnnts ; and, to allow tome end pUy, one piece of the pi 
withinanodier,likea teleacope,andiskepttightbym ' ' 



le of the pm alii 
IS of a staSng-bi 



feed-pipe of many engines enters the boiler near tl . 

about the middle of its length. In Stephenson's the water ia let in at the 
smoke-box end of the boiler, a little below the water leveL By this meant 
tbe heat is more effectually extracted from tbe escaping smoke i hot ths 
arrangement is of questionable applicability to engines of which the steam- 
dome and steam-pipe are at the smoke-box end, as in that caae tlie rateriog 
cold water woold condense the steam. 

~ the height of water in the boiler, gange eocka and glasa 




tnbei are provided, at In the caae «f marine bmlers. One of thcw glatt 
ganget b lepreatnted In /Ig. 938. Tbe npward tarn ct pipe pneeeding 
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from the top of the tube id the iDterior of the boiler, is calculated to preveDt 
the water from boiling down throogh the tube, as it sometimes wUl do if 
the boiler be too fUL The downward torn of the tabe at the lower end 
does not appear calculated to be of service. A small screw plug is placed 
on each socket opposite the cock to enable a wire to be introduced, to clear 
the cock, should it become choked. There are generally three gauge cocks 
attached to Uie boiler, — besides the glass tube, — the lowest of which should 
«lways run water, and the highest should always blow steam. If the water 
oscillates inconveniently in the glass tube, the evil may be checked by 
partially closing the cocks. 

Wh/Kls, — The driving wheels are made large to increase the speed : the 
bearing wheels also are easier on the road when large. In goods engines 
the driving wheels are smaller than in passenger engines, and are generally 
coupled together, as in Bury's engine, represented in one of our plates. 
Mlieelfl are made in various ways ; they are very fire<^nently made with 
cast-iron naves, and with the spokes and rim of wrought iron. The spokes 
are forged out of flat bars with T formed heads ; these are arranged radially 
in the founder's mould, whilst tiie cast-iron centre is poured around them ; 
the ends of the T heads are then welded together to constitute the periphery 
of the wheel or inner tire, and little wedge-form pieces are inserted where 
there is any deficiency of iron. In some cases the arms are hollow though of 
wrought iron, the tire of wrought iron, and the nave of cast iron ; and the 
spokes are turned where they are fitted into the nave, and are secured in 
their sockets by means of cutters. Hawthorn makes his wheels with cast- 
iron naves, and wrought iron rims and arms, but instead of welding the arms 
together, he makes palms on their outer end, which are attached by rivets 
to the rim. These rivets, howerer, unless very carefully formed, are apt 
to work loose; and we think it would be an improvement if the palms were 
to be slightly indented into the rim, in cases in which the palms do not 
meet one another at the ends. When the rim is turned, it is ready for the 
tire, which is now often made of steeL The materials for wheel tires are 
first swaged separately, and then welded together under the heavy hammer 
at the steel-works, idfter which the^ are bent to the circle, welded, and 
turned to certain gauges. The tire is now heated to redness in a circular 
furnace ; during the time it is getting hot, the iron wheel, previously turned 
to the right diameter, is bolted down upon a face-plate or surface ; the tire 
expands with the heat, and when at a cherry-red, it is dropped over the 
wheel, for which it was previously too small, and it is also hastily bolted 
down to the surface plate ; the whole load is quickly immersed by a swing 
crane into a tank of water about five feet deep, and hauled up and down 
until nearly cold ; the tires are not afterwards tempered. It is not indis- 
pensable that the whole tire should be of steel, but a dovetail groove turned 
out of the tire at the place where it bears most on the rail, and fitted with a 
band of steel, which may be put in in pieces, is sometimes adopted, though 
at the risk of being thrown off in working. The steel, afVer being intro- 
duced, is well hammered, which expands it sideways, until it fills the dovetail 
groove, but it has sometimes come out The tire is attached to the rim by 
rivets with countersunk heads, and the wheel is then fixed on its axle. 
The tire is turned somewhat conical, to facilitate the passage of the engine 
round curves — the diameter of the outer wheel being virtually increased by 
the centrifugal force, and that of the inner wheel correspondingly dimi- 
nished, whereby the curve is passed without the resistance which would 
otherwise arise troia the inequality of the spaces passed over by wheels of 
the same diameter fixed upon the same axle. The rails, moreover, are not 
set quite upright, but are slightly inclined inwards, in consequence of which 
the wheels must either be conical or slightly dished, to bear fairly upon 
them. One benefit of inclining the rails m this way and coning the tires is 
that the flange of the wheel is less liable to bear against the side of the rail, 
and with the same view the flanges of all the wheels are made with large 
fillets in the comers. Wheels have been tried loose upon the axle, but 
they have less stability, and are not now much used. Much controversial 
ingenuity has been expended upon the question of the relative merits 
of the four and six-wheeled engines; one party maintaining that four- 
wheeled engines are most unsafe, and the other that six-wheeled engines 
are unmechanical, and are more likely to occasion accidents. It appears to 
us that the four-wheeled engines have been charged with faults which do 
not really attach to them when properly constructed, for it by no means 
follows that if the axle of a four-wheel engine breaks, or even altogether 
comes away, that the engine must fall down or run off the line, inasmuch 
as if properly coupled to the tender, it has the tender to sustain it It is 
obvious enough that such a connection may be made between the tender 
and the engine, that either the hind or the fore axle of the engine may be 
taken away, and yet the engine will not fall down, but will be kept up by 
the tender; and the arguments against the four-wheeled engines are nothing 
more than arguments against the want of such a connection. It is no 
doubt the fietct that locomotive engines are now becoming too heavy to be 
capable of being borne on four wheels at high speeds without injury to the 
rails ; but we fear the objection of damage to the rail applies to the six- 
wheeled engine with quite as great force, as the engineer has the power in 
that case of putting nearly all the weight upon two wheels, and if the rails 
be wet or greasy, there is a great temptation to increase the bite by screw- 
ing down tiie driving wheels upon the raiL A greater strain is thus not only 
thrown upon the rail than can exist in the caae of any equally heavy four- 
wheeled engine, but the engine is made very unsafe, as a pitching motion 
will be given to it at high speeds, firom being poised upon the central 



driving-wheels, and the engme will also be more subject toosciUatiodi 
Stephenson makes his driving-wheels without flanges, to facilitate the pa»* 
sage of the engine round curves, and if six-wheeled engines be made at aU^ 
it appears to be expedient to construct them in that manner. But instead 
of making enormously heavy six-wheeled engines, it appears to us to be 
preferable to use four-wheeled engines of moderate weight, and to apply a 
sufficient number of them to a train to enable it to reach the required 
Telocit;^ . To this there is no doubt the objection, that the expense of the 
propelling power is greater by this arrangement, as a small engine requires 
a driver and stoker for itself as well as a large engine. But by making the 
tender double, with one engine before and another engine behind it, a smgle 
driver and a single stoker would suffice for two engines. The starting 
handles of both engines might be brought to the middle of the tender, so 
that the endues might be stopped or started simultaneously, and be made 
to operate m this respect like a single engine. This arrangement appears 
to us ^atiy preferable to that of making heavy six-wheeled engines, as 
the rail will be preserved fhmi the injurious effect of excessive weight, and 
there will be less loss of power from contracting the blast- pipe when the 
fire and flue surface is increajBcd bv the addition of another engine. In all 
locomotives, there is a very material loss of power f^om the contraction of 
blast-pipe necessary to maintain the blast ; at high speeds one half of the 
I)ower of the engine is lost by the inadequate area of the steam passages of 
which the greatest loss is that arising from the contraction of the blast-pipe. 
Tenders are now made larger than heretofore, to obviate the necessity of so 
many coke and water stations ; they should have glass windows all round 
them, to shield the engine driver flnom the weather, and enable him during 
the worst winds and rains to keep a steady look-out Tenders can be put 
on any number of wheels, so that inconvenience is not likely to arise from 
their size and weight 

Cranked Axle, — The cranked axle is made of wrought iron, with two 
cranks forged upon it, towards the middle of its length, at a distance from 
each other answerable to the distance between the cylinders ; bosses are 
made on the axle for the wheels to be keyed upon, and there are bearings 
for the support of the framing. The axle is usually forged in two pieces, 
which are then welded together. Sometimes the pieces for the cranks are 
put on separately, but those so made are liable to give way. In engines 
with outside cylmders the axles are straight, the cnmk pins being inserted 
in the naves of the wheels. The bearings to which the connecting-rods 
are attached are made with very large fillets in the comers, so as to 
strengthen the axle in that part, and to obviate side play in the connecting- 
rod. In engines which have been in use for some time, however, there 
is generally a good deal of end play in the bearings of the axles thenoselves, 
and this slackness contributes to make the oscilmtion of the engine more 
violent The bearings of locomotive axles should, it appears to us, be 
made spheroidal, after the fkishion we have already recommended for the 
paddle-shafts of marine engines, whereby end play becomes impossible ; 
and the momentum of the piston should be balanced by the application of 
a weight to the wbeeL If these precautions be observed, locomotives wiU 
hot oscillate, whether made with outside or inside cylinders, if only resting 
on four wheels. 

Connecting Rode, — It is ver^ desirable that the length of the connecting- 
rod should remain invariable, m spite of the wear of the brasses, for there 
is a danger of the piston striking against the cover of the cylinder, if it be 
shortened, as the clearance is left as small as possible, in order to economise 
steam. In some engines the strap encircling the crank pin is fixed im- 
movably to the connecting-rod by dovetailed keys, as shown mfig, 330., 
and a bolt passes through the keys, rod, and strap, to prevent the dovetail 
keys fh>m working out The brass is tightened by a gib and cutter, which 
is kept ttom working loose by three pinching screws and a cross pin or 
cutter through the point The effect of this arrangement is to lengthen 
the rod, but at the cross-head end of the rod the elongation is neutralized, 
by making the strap loose, so that in tightening £e brass the rod is 
shortened by an amount equal to its elongation at £e crank-pin end. The 
tightening here is also effected by a gib and cutter, which is kept from 
working loose by two pinching screws pressing on the side of the cutter. 
Both journals of the connecting rod are fhraished with oil-cups, having a 
small tube in the centre, with siphon wicks. The connecting rod, represented 
mfigt, 329, 330., is a thick flat bar, with its edges rounded. Stephenson's 
connecting rod is made at the crank end, after the same fashion as the 
connecting rods of the Black Eagle and Retribution steamers, represented in 
the plates of those vessels ; but instead of a malleable iron cap, a strap of round 
iron passes over both brasses, and is attached to the T c^d of the connecting^ 
rod by means of nuts upon the ends of the bent iron, which is made 
thickest in the middle, to resist the strain. This pUn has the defect of 
shortening the connecting rod when the brasses are screwed up, and tbe 
brasses require to be very strong and heavy. Hawthorn's connecting rod 
has a strap at each end, tightened by a gib and cutter ; but, to obviate tho 
tendency to shorten the rml, the piston-rod end is fhmished with a cutter 
for tightening the brass outwards. The point of the cutter is screwed, and 
goes through a lug attached to the gib, and is tightened by a nut It would 
be preferable to attach the lug to the cutter and the screw to the gib, as the 
projection of the screw, when the cutter is fiir in, would not then be so 
great In the engines on the Rouen Railway the piston-rod end of the con- 
necting rod has neither strap nor brass, but simply embraces tiie cross- 
head, while the crank end is hollowed out to admit brasses, which tie 
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tightOMd bf • gib utd cuttL-r. Tha lengtli of tb« eonnectiiig rod Tiriet 
from fottr tiniM the lengUi of the crank to wreD timet. Tbg loog con- 
necting rod bu the ad-rtntage of dimiiuihiDg the friction opoo the ilidee. 




Eeeatlriet and EeeeOrie Rod. — The ectenlric* are made of eavt-iroD ; 
and Then aet on the axle between the cranks, they are pnt on in two piecei 
held together by bolu, m ihown in figi. 331, 33S., but in itraigbt axle 
engine* thej are cait in a piece and are gecnred on the abaft by mean* of a 
key. The eceentric, when in two piecei, ii retained at its proper angle on the 
■tiaft by a pinching urew, which a provided with ajam not to prevent it 
from working looee. A piece ii left out of the eccentric in caitinff it, to 
allow of the screw being inaerled, and the loid ia afterward! filled by 
Inwrting a dovetailed piece of metnL Stephenson and Hawtharn leave 
holes in tbrir eccentrics on each tide of the central arm, and they apply 
pinching icrewg in eacb of these holes. The acrewa someUmes slacken 
and allow the eccentric to shift, nnlei* they «t« provided with Jam-nnu. 
In the Ronen engines with straight axles, the tbnr eccentrics are cast in 

Eccentric straps are best made of wronght iron, at inconvenience ariics 
from the fVeqnent breakage of brass ones. When made of malleable iron, 
noe-half of the strap is forged with the tvi, the other half being secnred 
to il by t>olta, nnti, and jam-nuts. Pieces of brass are in some eates pinned 
within the malleable iron hoop, but it appeara (o be preferable to pot 
brasses witlun the strap to encirele the eccentric, as in the case of any 
other bearing; Wheu braai straps are used, the log* have generally nirta 




and if any t4]<tstment is necessary from the wear of the strap*, waihen can 
b- interposed. In some engines the adjostment U effected by screwing 
the valve-rod, and the croet-head throogh which it passes has a nut on 
either side of it by which its position opoa the valve-rod is determiiwd. 
The forks of the eccentric rod are steeL The length of the eccentric rod 
il the distance between the centre of the crank axle and the centre of the 
valve ibaft. 

Valve motiona. — In locomotive* the eccentrici are now always fixed span 
the axle, and two an nsed, one for the forward, the other for the back- 
ward motioD : the loose pnlleys have been given np on account of their 
liability to get ont of order tram the shocks to which they were anbjecled 
by audden change of direction when worked at a quick speed. The 
arrangement whereby the motion of the eccentric il tTanimilted to the 
valve, it either direct or indirecL In caiea of indirect attachment the 
motion ii given throogh the intervention of levers, and there ii some 
variety io the arrangement* by which the revening is accomplished. 
Alcard and Duddicome use a pair of eccentric* at the end of the axle, which 
is straight; the revening shaft is placed IkIow the level of the piston-rod, 
and to a lever keyed upon it are attached links of unequal length, connected 
at their upper extremities with the ends of the eccentric rods, one of which 
I* above and oue below the studs on the lever of the valve *h*ft, to that 
tile upper eccentric rod, being in gear, gives the forwatd motion, and the 
lower gives the backward motion. In other engines, forks sre situated 
above and below the ilod of the eceentric levera ; the forward eceentric rod 
is lifted up oat of gear by a link depending from the lever on the reveinng 
■haft, and by the same movement the backing eccentric is lifted into gear 
by a longer link connecting it to a lever, not upon the revening shaft, but 
upon a shaft below it. Slephenton and Hawthorn hive both need a similar 
arrangement, but admitting of the eccentric rod* being both under the 
■tud* of the lever on the valve shaft, so that there il no danger, in the 
event of a disengaged rod falling down, or of an* part of the gearing bein^ 
bent or twisted by both rod* bemg in gear at the tame time. The motion 
of the eccentrics is now frequently iranimitted directly to the valves. 
In Pauwel's arrangement of valve gearing, the valve works on the side of 
the cylinder, and the valve rod is prolonged in the form of a deep flat 
blade of a l(»enge tectioo, on each side of which a stud is fixed, — one being 
intended fbr the notch of the forward eccentric rod, and the other for that 
of the revening eccentric; Above them is fixed Ihe revening shaft, ftnm a 
lever on which depend two links of unequal length, which are jmnted to 
the ends of the eccentric rods. By working this lever up or down, the 
eccentric-rods will be alternately engaged and disengaged, and will com- 
monicale their respective motions to the valie; or if the lever be kept in 
ita mid position, both eccentrics will be out of gear, and the valve of course 
will remain stationary. Panwel's engines are difficult to work, and are 
intgect to shocks trota going suddenly into gear : this arises frvm the 
whole weight of levers and rodi being on the front of the revening abaft, 
but the evil might be remedied bv attaching a counterbalance to the shaft. 
Valves situated upon the sides of the cylinders, a* in the engine of Stephen- 
son, represented among our plates, are in many cases more easily con- 
nected with Ihe eccenlne, but they require springs to keep them np to the 
ftce, so that it appeara preferable to moke the face* of the two cylindera 
inclined (o one another rather than upright, if valves on the sides of tbe 
cylinder* are preferred. Stephenson's link motion is the most elegant, and 
one of Ihe most el^ble mode* of connecting the valve with the eccentric 
yet iatradoced. Tbe nature of this arrangement will be made plain by a 
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Irio-iDd d, and it th« other with the taehing eccnitrie rod if. The link 
with thi eccentric rods i* capable of being mored ap or down b; the rod/ 
and bell cruik /", aicosted on the theft jr. while the vnlve-Tod remains in 
the ume boriiontiil plane. It U Tcry clear tb«t each eod of the link moit 
acquire the modon of Ibe eceenlric rod in coimeclioD with it, whatever 
eoarae the central part of the link ma;r pnrnie, and the Talve-rod will 
partake most of the motion of the eccentric rod that is neareti to it. When 
the link ii towered down, the TalTe-rod will acqaire the motion of the 
upper eccentric rod, which ia that proper for grang a-he«d ; when raited 
Dp, the valve-rod will acquire the motion of the reversing eccentric, while 
in the central poiition the valve-rod will hkve no motion, or almoet none. 
The Unk motion therefbre obviates the necenity of throwing the eccentric 
rod out of grtr ; it also eoablet the engine to be worked to a certain extent 
expMWvelj, though as a contrivance for working expanuvely, we cannot 
bold it at deserving of much conuneodation. The dead ptunt of the Unk 
motion is where the line of the valve-rod bisects the angle formed by the 
eccentric rods. The maximnm forward motion ii when the rods are h 
figured, and the maximum backward motion when the rods d and it are in 
tfae portions A" and if. The best forms of the link motions have aide Muds, 
to which (he eccentric rods are conoected, and these are placed to thai at 
thegreateittliraw, whether back ward or forward, the valve-iod and eccen- 
tric rod are in the tame ttndgfat line, and the valve receives the fall tfannr 
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tbacantn rf the link, which wonld work in the eye of the borizonldllH 
of the lever/ Tliij lever wonld in such ease require to be made mmA 
stronger than at present, as it would have to withstand the thrnsl (tf Oa 
eccentric, and the link wonld then vittnall; he a doaUe-eoded lever wi& 
a moveable centre. Who* more convenient, the ^ in (he centre of the 
link might he moved in vertieal or enrvedgiude*, instead of bciogattMhii 
to the lever / The wst of raising the link, and with it the cooentrie nt, 
wonld in etEect alter the podtion of the eceentrie on the shaft, and If Ae 
eccentric rod were properly pn^rtioned in length, would make tha lead 
ri^l on the reversing side. 

The movement for working the valves is ia tome catet derived flma Aa 
connecting-rod, as in the arrangement known as Melling't motion, rewa- 
BeDtediD/g.33«., where the valve radii attached b; nutable oonneetMU 
to a pin in Che connecting-rod. 

A nmewbal aimilar mode of working the valve hat been emplncd t^ 
Hawthorn, of Newcaitle, which admits ot expandve action, and wUiA ■ 
represented io Jig. 335. The pin in the connecting-rod works in slink, ta 



end of which a rod, in eommonieatioD with the valve, gcara, aeoerdi^aaa 
forward or reveise motion it wanted. This valve-lmk li cooDcelad b* ■ 
link with the starting-sliaft. Tfae central slot in the link permit* the am 
of the pb DU the connectin g -rod, wlule tha lat«ral ■■*(•■ 
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ment is oommnnleated to the link, and made available for working the 
▼alre-lerera. To reverse the engine, the inclination of the link must be 
altered, and the fork in gear must be changed to the other end of the lever, 
irhioh is done by the same handle : the lead is regulated by the degree of 
inclination of the parallelogram, which might be changed by lengthening 
the lever on the reversing-shaft connected with the lower arm of the link, 
or by shifting it round on the shaft so as to throw the lower arm towards 
tiie cylinder. There is much complication in this arrangement ; the parts, 
too, require to be large, and the plan has not been received with much 
fiivonr, although good results have, we believe, been obtained. 

Variable expansive action has recently been extensively introduced in 
locomotives, and the whole of the various expedients for its accomplishment 
operate either by altering the travel of the valve, or by the introduction of 
superposed valves. The first mode is that adopted by Stephenson and 
Cabrey, and the second is principally used by Mayer and Oonzenbach. In 
the first the effect is to uncover the steam ports less, and to re^but them 
sooner ; to hurry the eduction, and to compress the steam shut within the 
cylinder : fh>m the eariy closing of the eduction, the advantages due to ex- 
pansion are partly sacrificed, for the steam escapes before it has done all its 
work, and power is lost in the compression of vapour. The second class of 
expansion contrivances is not chargeable with these defects. It admits 
of the steam being cut off at any part of the stroke, without any derange- 
ment of the valve motion, but there is greater complication in the apparatus. 
In the class with variable throw, the cutting off is the result of a virtual 
contraction of the ports, which wire-draws &e steam, increasing the speed 
of the entering sttiim, and making the pressure in the cylinder less than in 
the passages. In Cabrey's expansion gear, which we have described at 
page 200., the fonlt is, that for certain degrees of travel, and when there is 
much cover on the valve, it may happen that instead of opening the port 
befbre the end of the stroke, the valve may not have uncovered the steam 
port when the piston is about to begin the return stroke. This evil results 
ttom the invariable position of the eccentrics on the shaft, and the immo- 
bili^ of iJtae centre of the valve lever. Stephenson gets rid of the defects 
ef Cabrey's system in regard to changing the lead of the eccentric, by 
rendering moveable the centre of oscillation of the valve lever, as the link 
may be considered, whereby he virtually turns round the eccentric on the 
axte. Mayer's gear, which we have figured at page 200., has given very 
good results, and is free fi'om the defects of Cabrey *s and Stephenson's, 
whatever be the degree of expansion, it presents the same area of steam 
port ; the eduction is not unduly hurried, the linear lead is unvarying, and 
the compression of the steam before the piston is but small, and is not 
liable to increase. The wheel and chain gearing, however, used in work- 
ing it, are very troublesome, and liable to get out of order, and the valves 
have a great deal of friction. Gonzenbach's has less friction than Mayer's, 
and gives equally good results. 

I&o to set the Valves of Locomotives. — When the cylinder is horizontal 
the crank is horizontal at the ends of the stroke ; but it is not vertical when 
the piston is at the middle of its stroke, owin^ to the deviation A*om pa- 
rallelism introduced from the connectingrod bemg compelled to move at one 
of its extremities in a straight line. When the piston is at the end of the 
bottom stroke, and is gradually advanced towards the middle of the stroke, 
the end of the connecting rod is carried round by the crank in a curve 
opposed to that which it would naturally describe round the cross -head as 
centre ; but when the piston has approached the end of the top stroke, the 
curvature of the path in which the end of the connecting rod is moved by 
the crank is in the same direction as that of the circle which it would 
describe round the cross-head, and these curves would coincide if the con- 
necting rod were equal in length to the crank : it will be easily seen, there- 
fore, that at the top stroke the piston rod requires but a small movement 
to enable the end of the connecting rod to traverse a large portion of the 
cirde of the crank, while at the bottom stroke the piston has to travel 
fkrtber to allow of an equal arc being described by the crank. From these 
eonsiderations it follows, that the motion of the crank being nearly uniform, 
there must be considerable inequalities in the speed of the piston ; and 
more than a half circle will be described by the crank during the top half 
of the stroke, and less than a half circle in the bottom half of the stroke. 
The length of the connecting rod is the distance fhmi the cross-head at 
half stroke to the centre of the shaft; and it is clear, therefore, that at mid- 
stroke the crank cannot be vertical. The motion of the valve partakes of 
the same species of irregularity; but as the eccentric rod is much longer 
in proportion to the radius of the eccentric than the connecting rod, ^at 
inequality only may be noted which arises A*om the relation between the 
eireumference of a circle and its diameter. The irregularity arising from 
tiie angle of the connecting rod also affects the valve, but not to an in- 
jurious extent in ordinary cases. We need not, therefore, consider the 
effeet of such irregularities in the following directions how to set the valves 
of locomotives. In^^. 836. we have shown the direct connexion, as used in 
some of Stephenson's locomotives, A E B F representing the crank circle, and 
the inner circle that of the eccentric. Supposing, now, that the total length 
of the valve face were equal to the distance between the extreme edges of 
the iteam ports, the valve would be without lap ; and leaving the question 
aikad out of consideration for the present, that is, supposing that the steam 
irere admitted exactly at the ends of the stroke, the eccentric would be 
hstened unon the shaft at right angles to the crank ; in other words, the 
amall crank which oonstitntes the eccentric would be at right angles to the 



large crank, which is attached to the piston*rod. In this way the valve 
would be in the middle of Its stroke when the piston was at either end of its 
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trmitO VALVB WITH DIUCT ATTACHMKNT. 

Stroke, so as to close both the steam and eduction passages, and to be ready, 
with the slightest possible advance, to open both for the return stroke of 
the piston. It has been found advantageous, however, to make the valve 
face longer than the distance between the extreme edges of the steam ports, 
so that when it is in the middle of its stroke, it projects or overlaps the 
portB at both ends ; and hence it requires to move through a space equal 
to the overlap before it is in a condition to open the steam port for the 
return stroke of the piston. To effect this, it is only necessary to move the 
eccentric forward in its path, until, at the end of the stroke of the piston, 
the valve is on the edge of the steam port, ready, as before, upon the 
slightest fiirther advance, to admit the steam to the cylinder. Now, as the 
valve is thus required to move through a part of its travel or throw equal 
to the overlap at each end, and as the throw is equal to the diameter of the 
circle which the eccentric describes, it follows Uiat, to give the requisite 
advance, that distance must be measured upon the diameter of the circle, 
and the corresponding position of the centre of the eccentric is that of 
which we are in search. 

On the remote side of the centre of the crank shaft, and on the line of 
centres, mark off D C, the amount of overlap at each end of the valve, and 
draw a line parallel to EF, the vertical centre line of the crank shaft ; the 
arc of the eccentric circle intercepted between these parallel lines is that 
through which the eccentric must move, in order to draw the valve through 
a portion of its stroke equal to the overlap DC; and the point in which the 
line intersects the circle of the eccentric is, therefore, the position which 
the centre of the eccentric should occupy when the piston is at the end of 
its down-stroke, and on the very point of beginning its up-stroke. In prac- 
tice, however, the valve is not so set as to open simultaneously with the 
commencement of the stroke of the piston, but is set so that the steam 
commences to flow into the cylinder a very little before the beginning of 
the stroke ; and hence, when the piston actuallv commences its stroke, the 
valve has already partially opened the port To make this adjustment an 
additional advance must be given to the valve, and of course in the same 
direction ; and the amount of lecuL, or opening, which the port has at the 
commencement of the stroke of the piston, must be added to the lap, their 
sum fh>m C to D being treated the same in every respect as if the whole 
were lap, and so, for the sake of brevity, we may treat it. 

Let us suppose now that it was required to find the len^h that the 
eccentric rod should be: — Place the crank horizontal, so that it may have 
the piston at the bottom of its stroke ; bring round the eccentric to the 
corresponding position which we found it should occupy, and measure the 
distance fhmi that point to the centre of the joint by which the eccentric 
rod is to be attached to the valve rod ; this will be the length of the eccen- 
tric rod. When the len^ of the eccentric rod is known, either the valve 
or eccentric may be put m its proper place, if one of them be already set : 
thus, if the valve be set, as in ue drawing, and the eccentric rod connected 
also with the eccentric, it will bring the latter into its place, where it may 
be fixed ; but if the valve could not be conveniently set, it would then be 
necessary to take the following method, which requires the knowledge of 
the amount of lap, and the length of the eccentric rod. Find, as bdbre, 
the position of the eccentric, attach the rod, and the valve must come into 
connection in the proper position. In practice, the most convenient method 
of finding the position of the eccentric with a given lap is to draw a circle, 
such as H K, representing the crank shaft, upon a board or a piece of sheet- 
iron, and another equal to the circle of the eccentric, and draw two diameters 
perpendicular to each other ; mark off from the centre of the crank shaft, 
and upon one diameter, the amount of lap C D ; through this point draw a 
line parallel to E F, the other diameter ; the points in which this line cuts 
the circle of the eccentric are the positions of the forward and backward 
eccentrics. Through these points, and from the centre of the crank shaft, 
draw lines CM, C N, which will intersect the circumference of the crank 
shaft ; upon this circumference measure with a pair of compasses the ehord 
of the arc intercepted between either point of intersection and that of the 
vertical diimieter EF ; and the lines of diameters being first drawn npon 
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the abaft ilwlf, then, by tmuftrrin^ with the compawei the dittuce fbnixl 
l^iOD the dugnm, the proper poaition of the eccentric tl the end of the 
■tnike of the piiton ii u once detcnained ; ind this being nurlied apon the 
■haft, the eccentric cui at any lime be tet, by biicging it round to thai 
mark. Before learing Ihii figure -we may remark, that ai the valTs in 
Stcpbenaoo'i locomotivea of this kiod ii on the aide of tbecyliader, the cylin- 
der bee ihoDld be toward* oi in the drawing. As ihii arraDgemeat, boweier, 
would have afiorded a leu easy explanation we ha ve adopted the preaent one. 
It will atoo be ob«erved that (he crank «haft and cylinder are too cloae, and 
are not ia a line with each other ; bnt thia, while it contd not be eaaily 
roided, ii at the nme time of no importance in cooudering the mpectire 
*:, wbi(& are shown in 



u of the piiton and TaJTe, orank and eccentric, wbic 
true relatiTe poaitioni. The crank is upon the c 



their true relatiTe positions. 

piston, consequently, at the end of the bottom stroke ) the i 

Tahi being put in adranee of the piiton by the lap, have shut off the (team 

before the end of the stroke, and have also opened the eduction in readinea 

for the np-itroke ; whereas, without lap, the TSlve vonld ahut off the steam 

at one end, and open the eduction at the other, aimnltaneoosty with the 

termination of the stroke of the piston. 

In fig. 337. we hare a different kind of valve gearing, there bmng leren. 
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which reverse the direction of the motion ; that ia, while the ecceotrie rod 
and lever are moving in one direction, the valve rod and lever being on 
the oppodte tide of the weigh-bar shaft, are moving in the opposite 
directran. In the former case there were no levers, and therefore no 
reversal of the motion. Hence, in order to give the valve the lune motion 
a* befbre, in relation to the crank, it is necemary lo throw the eccentric 
10 the oppouu side of the ciaok shaft, M that its motion may be in the 
reverse direction, to compensate for the reversing acdon of the levera. 
For whereas, whra apon one side of the shaft they caused the valve to move 
in the same direction as themselves by means of ^e eccentric rods, now 
that the levert are introduced, the eccentrics most themselves move in an 
oppoaite direction, to give the valves the same motion as heretofore. And 
thii can only be done by potting the eccentrics on itte opposite side of the 
craikk centre, round which they move, and, of course, in an oppoaite 
direction. 
Fig. 338. is intended to illnttrate the valve connection of the common loco- 
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Heaanre off the length of the valve throw, flnm the end of ths valve beet 
in the direction i>f its tisveL The throw of the valve may beat be found 
by adding the lap to the breadth of the steam-port, and doubling their nun. 
If there were no leven intervening between the valve and eccentric, tha 
Une thus meanred, which is the throw of the valve, would be the diameter 
also of the circle described by the centre of the eccentric polley i but the 
nse of levers interfere* with this proportion unless the levers be made <^ 
equal length. The effect of levers of unequal length, in making a propor- 
tional inequality between the throw of the valve and of the eccentric, will 
be readily seen by reference to a diagram. From the centre A tj th^ 
diameter, representing the throw of the valve, draw a line perpendicular lo 
the valve ftce ; and tVom the same point measure off^ upon that line, the 
length of the lever A B, which is to be attached to the valve rod, and which, 
fbr distinction, we shall call the valve-lever. Ft«m the point B thus found 
as a centre wilb the radius B A, deKribe a portion of a circle intersecting 
perpendicnlars drawn from C and D, the extremities of the line which re- 
presents the throw of the valve ; frtnn those point* in the circtunference of 
the circle produce lines through the centre B. On either side of the centre 
line A E, and at a distance from it equal to the radin* of the ecoantric, draw 
a parallel line. From B as a centre, with the distance from the centra B 
tatbepoinUHK, — in which IhepanllelaintenecttheprodDcadliiMtof the 
lever, a* radius, — describe an arc of a circle ; the radius of this eiide iathe 
length which die eccentric lever mutt be, in order la give the reqnkite 
throw to the valve. It will be evident fhmi the inspection of this diagnm, 
that if it be desired to give a smaller throw to the valve than that ra the 
eccentric, it ia necessary lo make the valve lever shorter than the eoeentrio 
lever i and if it were desired to make the valve throw greater than the 
ecoentric throw, it is indispensable that the valve lever shonld be made jmn 
portionally longer than the eccentric lever. I^ fiv example, the throw of 
the valve ia to be made twice the throw of UieecMStric, then thiacanmly 
be accomplished by making the valve lever twice the length of the eccen- 
tric lever. Hence the relations between these quantities ara exprcMcd bf 
simple proportion ; and any three being given, we can readily md the I9- 
maining one. For the sake of clearness, we shall stale the various fbims. 
which the proponion will aisume. 

First — Given the throw of the valve, the throw of the eccentric, and the 
length of the lever attached to the valve rod, to find the length of the 
eccentric lever ; we have then the proportion i — 

Sulk. — At lie tAme of iht wdoe ii to lite lArat of ike SDeealrie, so >a Bk 
lem^ of th* mht leorr la tlu knglk of Hk VcrmtrK Uvtr. 

If we represent the throw of the valve by T, that of the eccentric by 
t, the valve lever by L, and the eccentric lever hy i. we will have the 
proportion in a condensed algebraic ftirm thus, — T : I : : L : { j or 
takmg the actual dimensions in inches of the engine before us, 4'S : 3 :: 
9 : 6. 

Secondly. — Given the throw of the valve, the throw of the eccentric, 
and the length of the eccentric lever, to find the length of the valve lever. 
Then 

RiiLz. — j4s (Ae tinns o/ (As eccniCric u to (A< tinnr o/ de vobe, so ii t4s 
fnufCi of At tceeMn£ lever b> tit ieiyli of tie ttahm lever ; 
Or, algebraically, ( : T : : { : L ; or, as before, in actual dimenaious, 
8 : 4-5:: 6 : 9. 

Thirdly. — Given the throw of the valve and the length* of the leveir lo 
find the tbrow of the eccentric 

BiTLK. — At the valve lever ie to ihe eccentric kvcr, lo U the vahe Arvw l» 
the eccenlric lAnw; 

Orthna,L: / :: T : ( j or, 9 : 8 :: 4-5 : 3. 

Fourthly.— Given the eccentric lever, tiie valve lever, and the eeoentne 
throw, to find the valve throw. 

Role. — Am tie eccentric lever ii lolie vahe lever, loie lie eccentric ltn« 
to lie valve fAnne, or, f : L : : 1 : T, or G : 9 : : 3 : 4'S. 
We formerly explained how the reventng action of the levers rendered It 
necessary lo set Ibe eccentric on that side of the crank-shaft centra nearest 
to the cylinder ; whereas, in the case of the direct valve connection, it was 
set on the side remote from the cylinder. Baving nowfound the meana of 
Bscertainbg the lengths of the levers U> be employed with a given throw tk 
valve and eccentric, the next step necessary is lo determine the true po- 
sition of the eccentric apon the shaft, in reference to the crank. 

Place the crank-pin in Ihe dead point nearest the cylinder ; that ia, place 
the centres of the crank-shaft and crank-pin in a line with tiie centre line 
of the piston-rod. Upon this line of centres A G, raise a perpendicular, 
LM, through the point F. From F draw a circle, the diameter of whichi* 
equal to the throw of Ihe eccentric, and another equal to the cranked axle. 
If Ihe levers are equal, mark off from F, upon Ihe line of centres and on 
the cylinder aide, the amount of lap, and draw s line parallel to L M, catting 
the eccentric circle in the pointa NO. From F draw line* through N and 
O lo the circnmference of the cranked axle. The points N and O are the 
poeitiooa of the centres of the eccentric pulleys for the forward and back' 
ward gear, only one of which it necessary fbr going one way. In practiae 
it is convenient to make marka at PR, at the pronta N and O are inacces- 
sible. If there were no lap upon the valve, then would be nothing to set 
off from the centre line LM,uid therefore that line would pre the poaitioai 
of the eccentrica. 
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The intenections of the perpendicular A G would give the positions of 
the eccentrics on the shaft if the connecting rod were infinitely long ; but 
inasmuch as the shortness of the connecting rod introduces irregularity, 
the true position of the crank at the middle of the stroke of the piston 
must be taken. 

If the lengths of the levers be unequal, as we have already said, the 
throws of the eccentric and valve will also be unequal ; and if the valve 
lever be the longer, as in the case we have taken, the eccentric throw is 
less than the valve throw in the same proportion as the eccentric lever is 
less than the valve lever ; and therefore, smce the eccentric throw is thus 
less than the valve throw, by reason of the levers, it follows that the lap, 
which we set off from F, and which is part of the valve throw, must also 
be diminished in the same proportion as the whole throw, in order to set off 
tiie proper quantity from F. The simplest way of accomplishing this is, 
by marking off the lap from the line of centres (fig, 338.) at the pomt A, at 
the same end as we formerly marked off half the valve throw. This dis- 
tance will be from A to the edge of the port, that being the overlap ; then 
from the edge of the port draw a parallel to AG ; and from the point in 
which this parallel cuts the arc of the longer lever, draw a line through the 
centre B, and produce it till it cuts the arc KH; the perpendicular from 
this point to the line E A is the reduced amount of lap, which is to be set 
off from the point F. 

Another useful problem is the method of finding the length of the eccen- 
tric rod, the positions of the crank-shaft and the weigh-lMU* shaft and the 
length of the eccentric lever being given. From the centre of the weigh- 
bar shaft, with the length of the eccentric lever as radius, describe an arc ; 
draw a tangent from this to the centre of the crank-shaft ; from the centre 
of the weigh-bar shaft drop a perpendicular to the tangential line ; the 
distance from the point of intersection to the centre of the crank-shaft is 
the length of the eccentric rod, and the perpendicular is the line of the ec- 
centric lever, when the valve lever is perpendicular to the line of the valve 
rod: this gives, therefore, the positions in which these levers must be keyed 
upon the weigh-bar shaft 

In fig, 338. we saw that the mid-line of the eccentric rod was the same as 
the line of the piston rod ; but in fig. 337. it is thrown down below that of the 
piston rod, forming an angle witli it, the vertex of which is the centre of 
the crank shaft. In this case the centres of the eccentric pulleys must, 
consequently, be moved downwards as many degrees as the central line. 
In order to fiuiilitate this adjustment, we may briefly explain, that every 
circle is supposed to have its circumference divided into 360 equal parts, 
called degrees ; and if two diameters be drawn in it at right angles to each 
other, they will divide the circumference into four equal parts, each of 
which contains 90 degrees. This, therefore, is the means by which the 
angle is measured ; nor will it matter, although the circle be of an^ siae 
whatever, for it is still ec^ually divided by the two diameters. Hence, if the 
number of degrees contained in the angle which the mid line of the eccen- 
tric rod makes with the line of the piston rod, be measured upon any circle 
described fh>m the centre of the crank-shaft, and the angle be laid down 
upon a board, and if firom the vertex of the angle a circle be described 
equal to the diameter of the crank-shaft, the chord of the arc of this circle 
intercepted between the lines containing the angle, is the distance to be 
transferred upon the crank-shaft, and through which the eccentric pulley 
must be moved round, in order to compensate for the obliquity of tiie ec- 
centric rod. In the example which we have shown in fig. 337., Uie mid-line 
of the eccentric rod, when in gear, lies at an angle of five degrees with the 
line of the piston rod ; and in all such cases this line is to be taken when 
reference is made to the valve motion ; and the piston-rod line is to be 
taken when reference is made to the motion of the piston. In the case of 
fig, 338. these lines were made to coincide, for the sake of simplicity. For 
ftffther information respecting the setting of valves, we refer the reader to 
ptffes 89. and 225. 

MiKeUaneous RemarkM regpecting Locomotives, — The tractive force re- 
quisite for drawing carriages over well-formed and level common roads is 
about ^ of the load, at low speeds. On railways, the tractive force has gene- 
rally been rated at about ^L of the load, or 7} lbs. per ton, at low speeds ; but 
in well formed railways the tractive force is probably less than this, to 
keep the train moving slowly. The resistance of railway trains, however, 
increases rapidly with the speed, on account of the resistance of the atmo- 
sphere ; and the resistance occasioned by the atmosphere may be taken at 
15lbs. per ton, with an ordinary passenger train moving at the rate of 30 
miles an hour. The ftiction of the engine and the resistance of the rails 
vary simply as the velocity, if the i)ower of the engine remains the same ; 
but the resistance of the atmosphere varies as the square of the velocity, 
and the power requisite for overcoming that resistance as the cube of the 
velocity : so that by doubling the speed of a train, by diminishing the load 
without increasing the i)ower, the friction is doubled, the atmospheric 
resistance is made four times greater than before, and the power requisite 
to overcome that resistance eight times greater. This shows the extrava- 
gance of high speeds, even if the power were as economically produced at 
Sigh speeds, which is by no means the case. In moderately light trains 
Qpwards of 50 per cent of the power is expended in overcoming atmo- 
spheric resistance, in speeds of about 35 miles per hour ; and the loss will 
be greater if the trains be very light, and present a large frontage. 

We have already stated, at page 48., that in low-pressure condensing 
eogiiiei the evaporation of one cubic foot of water fh>m the boiler may be 



taken to represent a horse power. In high pressure engines, working 
without expansion, the mechanical efficacy of a cubic foot of water 
raised into steam will be somewhat less, on account of the resistance to Uie 
motion of the piston, occasioned by the pressure of the atmosphere ; but in 
locomotive engines, where the working pressure is very high, the resist- 
ance due to the pressure of the atmosphere becomes relatively nearly as 
small as the resistance due to the rare vapour within the condenser of a 
condensing engine ; and it will not, therefore, be a material deviation from 
the truth if, in locomotive engines, working without priming, we reckon a 
cubic foot of water evaporated per hour as equivalent to a horse power. An 
engine evaporating 200 cubic feet of water per hour, and therefore exerting 
about 200 horses* i)ower, draws about 110 tons, at thirty miles an hour ; but 
if there were no loss from the resistance of the atmosphere, or of the blast- 
pipe, and no increased friction upon the engine from the increased power 
requisite for high speeds, the tractive force if taken at 8 lbs. per ton would 
only require to be 70*4 horses' power for 1 H) x 8 x 2640, the number of feet 
travelled per minute at 30 miles an hour, -r 33000 » 70*4 horses' power. The 
friction of the trun, however, at 30 miles an hour, including that of an 
engine of 200 horses' power, cannot be taken at much less than 10 lbs. per 
ton ; for the friction of an engine increases with the i)ower exerted, which 
determines the pressure upon its moving parts ; and the friction of the car- 
riages is also increased at high speeds, in consequence of the draw-bars 
being attached below the centre of effort of the fh>ntage exposed to the 
wind, whereby the carriages are pressed down more firmly on the rails. If 
the traction be taken at 10 lbs. per ton, then the power reqmsitefor propul- 
sion of a train, setting aside the resistance of the atmosphere, will be about 
90 horses* power, and the remaining 110 horses' power is absorbed in over- 
commg the resistance of the atmosphere and of the blast-pipe. If the speed 
be increased from 30 to 60 miles an hour, about 200 horses* power will be 
required for overcoming the friction of the train, and 880 horses' power will 
be required to overcome the atmospheric resistance ; making 1,080 horses' 
power, which will be necessary to propel a train of 1 10 tons at 60 miles an 
hour. The evaporation of a locomotive boiler is greatest when the speed 
is at its maximum, as the blast-pipe then produces its greatest effect ; and 
the power of the engine varies nearly as the rate of evaporation, provided 
the blast pipe be not unduly contracted. At ordinary railway speeds the 
power of the boiler is seven or eight times greater than it would be without 
the blast, though, indeed, such a comparison hardly holds, as without the 
blast the fire of a locomotive boiler would not draw at alL At a speed of 20 
miles an hour, a locomotive boiler boils off from 10 lbs. to 14 lbs. of water 
per square foot of heating surface, and the rate of evaporation varies nearly 
as the '^^of the speed. The evaporative power of various kinds of boilers 
is given at page 81. 

The adhesion of the wheels upon the rails is about one-fifth of the weight 
when the rails are clean, and either perfectly wet or perfectly dry ; but 
when the rails are half wet or greasy, the adhesion is not more than one- 
tenth or one-twelfth of the weight The weight of locomotive engines va- 
ries from 15 to 20 tons. A powerful locomotive engine and tender, such as 
is suitable for high speeds, will weigh about 25 tons. The consumption of 
power by the locomotive itself is very great at high speeds, chiefly in con- 
sequence of the resistance occasioned by the blast pipe to the free escape of 
the steam. Mr. Stephenson considers that, at ordinary railway speeds, a loco- 
motive engine will absorb as much power as 15 loaded-carriages, weighing 
60 tons ; so that in a train of 15 carriages, half the power is consumed by 
the engine. These determinations, however, are all very indefinite, and 
experiments are yet wanting to show the power produced and consumed by 
locomotives under different circumstances. Locomotive engines cost from 
1,800/. to 2,200/. each. They run, on an average, about 130 miles a day, 
at a cost for repairs of about 2^. per mile ; and the cost of locomotive 
power, including repairs, wages, oil, and tallow, and coke, may be taken at 
6</. per mile, on economically managed railways. This does not include a 
sinking fond for the renewal of engines which may be worn out, and which 
may be taken at 10 per cent on the original cost of the locomotives. On 
second class railways the expense of locomotives, and workshops, and tools 
for repairing them, may be set down at 2,000/^ per mile. 

If D be taken as the diameter, and A the area of the cylinder, the pro- 
portions observed by many makers of locomotives may be represented at 

follows:— Blast pipe,— ; ports, — ; diameter of crank axle, g^ ; dia- 
meter of crank pin, -^^^ ; diameter of steam pipe, -r-^ ; or area of steam 



The dimensions of locomotives may be further illustrated by an 



A 

P»P«. 7.5- 

enumeration of the chief sizes of a four and of a six- wheeled engine of modem 
construction, and we shall select for this purpose a four-whailed engine by 
Bury and a six-wheeled engine by Gooch, both in use upon the South 
Western Railway. The siaes belonging to the four-wheeled engine are 
distinguished by the letter B before them, whilst to those appertaining to 
the six-wheeled engine the letter G is prefixed : — 

Diameter of boiler inside, B. 3 ft. 4 in., G. 3 ft 4 in. ; length of boiler, 
B. 8 ft., G. 8 ft ; thickness of plates, B. ft in., G. ft in. ; number of longi- 
tudinal stays in plates, 9 in 6- wheel ; number of tubes, Na 14. wire-^uage, 
86, 4 wheel ; and 133, 6-wheel engine ; len^ of tubes, B. 8 ft. 8 ul, O. 
8 ft 4 in. ; pitch of stays in fire-box, B. 4 in. G. 5| in. ; length of out- 
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8ide fire-box, B. 3 ft 3| in., G. 3 ft. 8| in. ; breadth of outside fire-box, B. 
4ft. O^iiL, G. 4 ft 2} in. ; depth below boiler, R 1 ft 8in., G. 1 ft 6 in. ; 
height above boiler, B. 1 ft, G. 7 in. ; length of inside fire-box, B. 2'ft. 9 in., 
G. 3 ft ; breadth of inside fire-box, B. 3 ft 7 in., G. 3 ft 6 ) in. ; thickness 
of copper plates, G. | in. ; thickness of tube plate, R | in., G. 2 in. ; from 
bottom of box to top of baors, B. 4 in., G. 6 in. ; fh>m bars to crown of box, 
B. 3 ft. 6 in., G. 4 ft 2} in. ; length of smoke-box between plates, B. 2 fL 2 in., 
G. 2 ft 2 in.; breadth of smoke-box outside, B. 3 ft 3 in., G. 4 ft 1 in. ; 
thickness of plates for smoke-box, B. ) in., G. ) in. ; diameter of chimney 
inside, B. 1 ft, G. 1 ft 2 in. ; height of chimney fh>m rails, B. 13 ft 6 in., 
G. 13 ft 6 in. ; diameter of steam dome inside, B. 1 ft 3 in., G. 1 ft 9 in. ; 
height of steam dome inside, B. 1 ft 4 in., G. 2 ft. 9 in. ; diameter of safety- 
valve, B. 2| in., G. 3) in.; diameter of steam pipes inside (No. 14.), B. 
3} in., G. 4 in. ; diameter of branch pipes, B. 3 in., G. 3J in. ; diameter of 
top of blast pipe, B. 2^ in., G. 3) in. ; diameter of cylinder, B. 1 ft, G. 1 ft 1 in. ; 
length of stroke, B. 1 ft 6 in., G., 1 ft 6 in.; length of steam ports, B. 
6 in., G. 10| in. ; breadth of induction, R 1} in., G. 2\ in. ; breadth of 
eduction, B. 1 in., G. l)in. ; thickness of bridges, R 1 in., G. { in. ; lead of 
valves, R -^ in., G. \ in. ; lap of valves, R ] in., G. 1 in. ; distance between 
centre of piston and valve spindle, B. llj in., G. 1 ft ; thickness of piston, 
B. 3] in., G. 4 in. ; diameter of piston rod, B. If in., G. 2 in. ; diameter of 
valve spindle, B. 1 in., G. Ij in. ; diameter of pump ram, B. If in«, G. 2 in. ; 
diameter of clack balls, B. 1] in., G. 2 in. ; diameter of feed pipes, inside, B. 2 
in., G. 2 in. ; diameter of driving wheels, B. 5 ft 6 in., G. 5 ft 6 in. ; diameter 
of leading wheels, B. 4 ft., G. 4 ft; diameter of railing wheels, G. 3 ft. 6 in.; 
diameter of crank axle, B. 5 in.,G. 5} in. ; diameter of crank bearing, B. 5 in., 
G. 51 in. ; diameter of inside bearing, B. 5 in., G. 5^ in. ; diameter of outside 
bearing, G. 3) in. ; diameter of bosses of driving wheels, B. 1 ft 6 in., G. 
1 ft 9 m. ; diameter of bosses of leading wheels, B. 1 ft. 2 in., G. 1 ft. 4 in. ; 
diameter bosses of trailing wheels, G. 1 ft 2 in. ; length of bearing of 
axles, B. 7 in., G. 7 in. ; diameter of axles, B. 4) in., G. 3^ in. ; diameter 
of the bosses of axles, R 7^ in. ; thickness of the bosses of axles, B. 6 in. ; 
breadth of outside frame, B. 6 in., G. 51 in. ; length of outside frame, 
G. 17 ft. 3 in. ; depth of outside fhune, G. 7} in. ; thickness of outside 
ftiime, G. 31 in. ; thickness of frame plates, G. { in. ; thickness of horn 
plates, B. I in., G. J in. ; length of driving springs, B. 2 ft 6 in., G. 3 ft. ; 
breadth of driving springs, B. 4 in., G. 4 in. ; number of plates in driving 
springs 16, 4-wheel; and 14, 6- wheel engine; length of leading springs, 
B. 2 ft. 6 in., G. 3 ft ; breadth of leading springs, B. 4 in. G. 4 in. ; num- 
ber of plates, 13, 4-wheel ; and 12, 6- wheel engine ; length of trail 
springs, G. 2 ft 6 in. ; breadUi of trail springs, G. 3J in. ; number of plates, 
10, 6- wheel engine; diameter of eccentrics, B. 11^ in., G. 1 ft Ojin. ; 
breadth of straps for eccentrics, B. 2 in., G. 2} in. ; throw of eccentrics, 
B. 3) in., G. 2 in. ; diameter of weigh-bar shafts, B. 2\ in., G. 2\ in. ; 
diameter of reversing shafts, R 1) in., G. 2J in.; diameter of journals of re- 
versing shafts, B. 1{ in., G. 21 in. ; length of journals of reversing shafts, 
B. 2 in., G. 2) in. ; length of valve lever, B. 7^ in., G. 8} in. ; length of 
eccentric lever, B. 7} in., G. 7( in. ; throw of valve, B. 3^ in., G. 4) in. ; 
length of eccentric rods, B. 5 ft 8J in., G. 4 ft 10 in. ; diameter of ferules 
for eccentric rods, B. 2 in., G. 2} in. ; length of connecting rods, B. 6 ft, 
G. 4 ft 7) in. ; length of reversing levers, R 1 ft 9 in., G. 1 ft. 6 in. ; 
length of lifting lever, B. 6 in., G. 1 ft 1 in. ; distance between motion 
bars, B. 6) in., G. 11 in.; diameter of cross-head bearinp^, B. 3 in., 
G. 2) in. ; diameter of cross-head bearing in slide blocks, B. 1) in., G. 1) in. ; 
length of slide blocks, B. 7 in., G. 7 in. ; breadth of slide blocks, B. 2 io., 
G. 2\ in. ; depth of slide blocks between bars, R 2) in., G. 2| in. ; depth of 
butt of connecting rods at large ends, R 6 in., G. 9 in. ; depth of butt of 
connecting rods at small ends, B. 3| in., G. 5 in. ; breadth of butt of con- 
necting rod at large ends, R 2{ in., G. 2\ in. ; breadth of butt of connect- 
ing rods at small ends, B. 2 in., G. 2 in. ; diameter of connecting rod in 
centre, B. 2) in., G. 2i in. ; breadth inside between frame, B. 3 ft 3] in., 
G. 4 ft ; depth of inside ftiime, R 1 J in., G. 9 in. ; thickness of inside 
fWune, R 4^ in., G. 41 in. ; width of horns for reception of axle box, B. 
6 J in., G. 9 in. ; depth of axle-boxes outside, G. 8 in. ; depth of axle-boxes 
inside, B. 9 in., G. 81 in. ; distance from centre of crank to fire-box, B. 
1 ft 4] in., G. 1 ft 3^ in. ; distance from leading axle to smoke-box, R 
t ft 4J in., G. 1 ft 2 in. ; distance ftx>m crank to leading axle, B. 5 ft 6 in., 
G. 5 ft 1 1 in. ; distance from crank to trailing axle, G. 5 ft 6 ia 



Economy of fuel in locomotives is materially promoted by working ex- 
pansively ; but all attempts at economizing fuel in locomotives should beffio 
with an increase in the area of the fire grate, so that the power of the engine 
may not suffer so large a diminution by the creation of the necessary draft 
It is a monstrous thing that half of the engine power should be dissipated 
upon the blast-pipe, as in high speeds appears to be the case, and nearly all 
this power might be saved by enlarging the grate sur&ce and the area of the 
tubes. It appears to us not improbable that combined boilers with upright 
tubes, of the kind represented in page 68., will eventually be introduced for 
^ the purposes of railway locomotion. Several of these boilers could be com- 
" bined in a single locomotive, each being furnished with a short funnel for 
itself, and any amoimt of grate surface might then be used that is considered 
desirable. Boilers of this description, it is true, have the disadvantage of 
being top hea^-y, but the tubes might be made short, and the depth of coke 
upon the bars would not require to be nearly as great as at present, so that 
these upright boilers would not require materially to exceed in height the 
steam domes of the existing boilers, which rise to a height of 7 feet above 
the fire bars. In the fire boxes of existing boilers, it may be an improve- 
ment in some cases to zigzag the bars, so that their ends shall present the 
appearance of the letter w, and the bars which are lowest down should be 
the widest asunder, as they have the greatest depth of coke upon them, 
and therefore the air will experience the most difficulty in ascending in 
that situation. There is no saving of heating surface accomplished by the 
existing construction of locomotive boilers ; and all that is gained by the 
use of &e blast, is, a saving in the area of fire grate, which, with a different 
construction of boiler, might be obtained with a diminution in the weight- 
looking to the effective power of the engine, — and with a most important 
saving of fueL The tubes may be the same in number and area, — but 
instead of being set at the end of a furnace that requires to be forced exces- 
sively, they may be cut into two or more portions, each of which is set over 
a fire. If the &ggot of tubes be cut into 4 lengths, and each length be set 
over a fire of the same area as the original fire, it is clear that the effective 
heating surface remains the same, while the area of the tubes is virtually 
made four times greater, whereby smaller tubes may be employed. The only 
adiUtion to the weight, is that of the fire grates and of the additional tube- 
plates, while the resistance occasioned by the blast will be so much 
diminished, that at high speeds the engine will exert nearly twice the 
power it exerted before. At present the size of the tubes cannot be 
diminished to the extent that might be desirable, as the total area would be 
also diminished, whereby the resistance to the hot air passing through the 
tubes would be increased, and a stronger blast become necessary. Small 
tubes also become choked up with the pieces of coke carried into them 
b^ the draft, and are rapidly worn internally fh>m the friction of the 
cmders, and at the ends, especially in the centre of the fire box, from the 
impact of the flame ; but if the fierceness of the dnuft were moderated the 
whole of these evils would be cured. 

Every locomotive engine should be furnished with efficient expansion 
apparatus, of some kind or other ; as, setting aside the economy of fuel 
accomplishable by expansion, it is clear expansion acts beneficiaUy by 
diminishing the weight of the boiler, which may be made smaller at every 
increase of the efficiency of the steam. When the draft is strong a great 
loss of effect is caused by opening the fhmace door, from the refrigeration 
due to the large volume of air admitted ; and it would be a material im- 
provement if the fhmace could be fed by some such mechanism as the 
revolving grate described at page 53. The use of sediment collectors in 
locomotive boilers also appears expedient, as, if judiciously applied, they 
will effectually prevent the formation of scale upon the tubes, and will also 
operate as an antidote to priming in many cases. Sediment collectors, ap- 
plicable to land and marine boilers, have been delineated and described at 
pages 69. 77, 78, 79, and 80. The form of collector best adapted for a 
locomotive boiler, will depend in a great measure upon the peculiar struc- 
ture of the boiler ; but generally any form will answer which communicates 
with the water level, and contains water within it in a tranquil state. The 
y shaped cuts for establishing the communication between the exterior and 
interior of the vessel, have been found preferable to holes of any other 
form ; for a subsiding particle, so soon as it fidls in a slight degree, gets 
behind the case of the collecting vessel, and cannot afterwards escape. 
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CHAPTER XIL 



MANUFACTURE AND MANAGEMENT. 



VANUFACTURE OF ENGINES. 

The best situation for an extensiTe engine factory, intended for the pro- 
duction of marine and locomotive, as ivell as of land engines, appears to be 
in a coal and iron district open to the sea, and affording easy means of 
inland transport, both by railway and canal. Large towns are not eligible 
situations fbr snch engine works as depend more upon the production of 
new articles than the repair of old ones ; for in large towns the cost of 
subsistence is greater than in secluded districts, and the wages of the 
operative must be higher to purchase the same amount of comfort, or else his 
comforts must be diminished. In rural situations, too^ the working popu- 
lation need not be crowded into the narrow compass they are compelled to 
be content with in large towns : every man may have a separate house, and 
every house may have a garden ; and a guarantee is acquired for the sobriety 
and good conduct of the working man in the comforts with which he is 
surrounded. Men are migratory and intemperate because their homes in 
large towns are such as to be necessarily distasteful to them ; and a factory 
aspiring to have skilful and respectable men, should be prepared to make 
some sacrifice towards promoting the improvement of their social condition. 
A rural factory is the best adapted for carrying these views into effect ; 
and, by selecting a coal and iron district, the expense of transporting these 
materials to the seat of manufacture is saved. The place selected should 
be open to the sea, so as to enable vessels to be freighted with machinery 
intended for distant places at a quay alongside the works, and also to 
enable iron steam vessels to be fitted with their en^es without requiring 
to send either men or materials from the factory. The paddle wheels and 
the boilers of marine engines cannot be carried by canal without great in- 
convenience ; and it is only by so placing the factory that vessels can come 
up to its quays, that expense and inconvenience from such sources are to be 
avoided. A yard for the construction of iron ships again forms a very 
natural appendage to an engine factory ; but such an appendage cannot 
exist unless the locality chosen be open to the sea. 

But although we consider the sea coast of a coal and iron district to be 
the best situation for an extensive engine factory, we do not conceive that 
the supreme direction should be located in so secluded a place. London 
should be the head quarters of the management of English factories, because 
there the best orders are to be had, and there the improvements of the age 
concentre. Obscurity is more likely to overtake a provincial engine 
factory, if it be not well represented m London ; and the persons giving 
orders for engines generally desire to confer with the managers, who must 
be at hand to make such interviews possible. In London the plans must be 
fixed and the drawings made, and they can then be sent into the country 
for execution. This, we believe, is the method pursued by Messrs. Boulton 
and Watt, whose engines intended for the Ix)ndon market, though manu- 
fiictured at Soho, near Birmingham, are, we understand, designed by the 
members of the firm resident in London, whereby Messrs. Boulton and 
Watt combine the advantages of metropolitan representation with rural 
manufacture. In such cases it appears expedient to have a small factory 
upon the spot for repairs : Messrs. Boulton and Watt have a hulk for this 
purpose, fitted up internally as workshops, and provided with shear legs for 
moving heavy weights. In the selection of a metropolitan workshop for 
the accomplishment of repairs, much must, of course, depend upon the ex- 
tent and precise nature of the trade. If contracts exist for the repair of 
locomotives, it appears expedient, in the present condition of metropolitan 
railways, to repair the locomotives of each railway in a workshop on the 
line ; but such would no longer be the case if a suburban railway were to 
be made, connecting together the different termini In that case the whole 
of the repairs should be executed in one factory, and that factory should 
be so situated as to be available for the repair of steam vessels as well as of 
railway locomotives. In such a factory it would be desirable to have the 
addition of a foundry and forge hammer, but, under other circumstances, 
it would be preferable to dispense with such aids, as too powerful for the 
occasion. 

To make money by the fhorication of engines, it is necessary to manu- 
ivtiire and not to make them ; and those persons generally will make the 
most money who are content to look upon the business as a trade, and not 



as a profession. A certain type of engine should be adopted and preserved 
without alteration, until it becomes so antiquated that people will have it 
no longer. To the production of this form of engine the various tools must 
be adapted, and tools may be devised to form the several parts with the 
utmost exactitude and rapidity, and with the smallest possible amount of 
manual labour. The production of engines under such circumstances will 
become a manufacture, and will be attended with the same results, both in 
the cheapness of the process, and the excellence of the product, as in the 
case of weaving or spinning by steam instead of by hand power. To pro- 
duce engines cheaply, and of good quality, tools must be employed which 
are not only of great capabilities, but which are specifically adapted to the 
end in view ; but it would not pay to construct such tools for the produc- 
tion of only a few engines ; and as the tools can neither be changed nor 
discarded without loss, it is necessary to persist in the manufacture of the 
same description of engine as long as possible, or until the savings from 
the use of the tools employed have covered their expense. 

It is impossible for us to give any general rules for the construction of 
factories, for much depends upon the kind and extent of business contem- 
plated, and something also upon the situation. It is most important, how- 
ever, that a factory should be so easily accessible, both by water and by 
railway, as to obviate heavy expenses for carriage; and it may for the 
most part be concluded, that a factory is ineligibly situated which requires 
to spend anything in cartage. In some cases the expense of carriage is so 
great, as to constitute a considerable per centage upon the capital invested; 
and, unlike most other errors, the necessity of cartage, from the badness 
of the situation, is an error that cannot be retrieved. Abundance of water 
is a good feature ; and, in most cases, a promontory or peninsula in a har- 
bour or river will be found to be an eligible locality. — But we fear these 
directions are of too general a character to be of much utility ; and we 
shall, therefore, give a description of a &ctory such as would be suitable for 
the manufacture of land, marine, and locomotive engines, with a yard for 
the construction of iron ships ; and though not suitable for every case, it 
may serve as a type, to the features of which other factories may be made 
to conform. 

At right angles with the shore, a long wet dock extends into the land, 
bounded on the left hand with a parallelogram of buildings divided cross- 
ways into three squares. In the first of these squares, and facing the 
shore, the entrance gate is situated ; and at the opposite side of the square 
is the fitting shop for the heavy engines. Adjoining the gate, on each 
side, are offices and warehouses, and the dwelling of the manager of the 
works. On the left-hand side of the square is a range of buildings, on the 
ground floor of which the planing and boring machines, and other heavy 
tools are set, and in the superior stories are small lathes and finishing 
workshops. On the other side of the square is a range of buildings* the 
ground floor of which is devoted to the fitting together of locomotive en« 
gines; above this shop the pattern shop, and place for keeping the patterns, 
are situated. This completes the first square. The second square is larger 
than the first, and is bounded on the front by the fitting shop, which se- 
parates it from the first square, and at the back by the foundry. The 
sides of this square are occupied by smiths' shops, by body makers' shops 
for the construction of locomotive carriages and waggons, and by painting 
shops, in which the carriages are painted, stuffed, and finished. All these 
buildings are only of one story, are turned with their gables towards the 
square, and are lighted from the roof. Rails are laid across the square, 
with turn-tables at suitable intervals, so that any carriage in any one shed 
may be easily shifted into any other. For the body makers, lathes and 
circular saws, drilling and mortising machines are provided, so that the 
only manual labour required is to put the parts together. At the end of 
the range of smiths' shops, the rolling mill and forge hammers are placed. 
The smiths* fires are most conveniently blown by a fan-blast The forge 
hammers are worked by means of the atmospheric pressure, which also 
drives the machines in the boiler shed, and appears calculated to super- 
sede, in many cases, the usual modes of giving motion to machines. Be- 
hind the foundry the third square is situated, and its chief use is to hold 
the foundry boxes ; the sides of this square are occupied by shops for the 
brass founder, the copper smith, the maker and mender of loam boards 
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the foandry smith, &c, and a place is also provided for the clay milL In 
the centre of the square is a triangle for hreaking iron: the hack end of 
the square is left vacant, to facilitate future additions. 

Between the wet dock and the side of these squares of hnilding, is a 
quay, alongside which vessels lie to get in their engines ; the end of the 
fitting shop is tamed to this quay. Instead of cranes in the fitting shop, 
winches travelling on heams, such as are now generally employed hy 
masons, are employ^ and these heams extend through the end of the 
house and across the quay to the dock, so that a piece of machinery may 
he lifted in the fitting-shop and deposited within the vessel in the dock, 
without the necessity of any intermediate process. To support the heams 
carrying the travelling winches outside the house, pillars stand on the 
edge of the quay, and the portion of the beams which hang over the quay, 
are securely trussed by means of iron rods. The roof is continued along 
over Uie beams, both to give increased strength and to protect the work- 
men fhmi the wet, when putting endues on board. 

On the opposite side of the dock is the boiler shed, and in continuation 
of it is the building yard. The boiler shed is a very large structure ; it 
contains smiths' shops for preparing the smith work necessary for boilers 
and iron ships, and is provided with rivetting and punching machines, and 
other necessary implements. The boiler shed is lighted from the roof, and 
the boilers are lifted by means of a travelling carriage running on beams 
near the roof, arranged as in the fitting shop, and similarly projecting over 
the dock, so as to put boilers on board. The whole of the rooft are made of 
iron, which are as cheap as timber roofs, and greaUy preferable in every 
way. A railway runs round the dock, and doors open to the wharf from 
the foundry, carriage shop, and locomotive shop ; so that any heavy article, 
whether engine, boiler, locomotive, railway carriage, or casting, may be 
set either on board ship, or on a railway, without incurring the trouble 
and expense of intermediate removal. 

In the tools employed in the construction of locomotives, great improve- 
ment may be introduced ; and in settling the particular plan of locomotive 
to be adopted, reference must be had to facility of manufacture. The 
present method of constructinff iron ships is rude and primitive If a form 
of vessel be fixed upon for which a mathematical expression may be found, 
a machine may be contrived that will bend the ribs to the right curve and 
bevel, and also bend the plates to the right shape. The plate with thick- 
ened edges, introduced by Mr. Fairbaim, appears to afford the greatest 
fMilities in the manufacture of iron ships ; and if machinery be introduced 
that will form the parts accurately, it will be possible to make large pieces 
of a ship by means of the rivetting machine ; and the only hand labour 
that will then be re<|uisite, will be Uiat necessary for fastening these pieces 
together when put into their places. A rivetting machine, however, will 
probably be invented, that will rivet the parts in their places ; and if the 
fhunes oe accurately punched, and accurately set, the application of such a 
machine does not appear to be difficult Two strong roUere might be 
made to travel up on the fhime to which the plate to be rivetted had just 
been applied, and these rollers, if suitably formed and suitably directed, 
would suffice to accomplish the rivetting operation. To guide Uie rollers, 
a carriage with four wheels, of which the rivetting wheel was one, would 
have to be applied upon the inside of the frame; upon this carriage a small 
cylinder would be set, connected with a vacuum pipe by means of a flexible 
tube, and so soon as the cylinder was put in operation the carriage would 
mount up on the firame, the wheels of the carriage being armed with pro- 
jecting spun to enter the rivet holes, and thus enable it to advance. Such 
an instrument would not be applicable, either at the extreme bow or the 
extreme stem, on account of the curves there to be met with ; and the bow 
and stem would either have to be plated by hand, or to be formed sepa- 
rately by the ordinary rivetting machine, and to be then put in their places. 
For strong vessels with thick plates machine rivetting is especially desir- 
able, as, with the force imparted by hand rivetting, it is difficult to make 
the rivets fill the holes. 

The loose system punned in some fVictories, of allowing the inferior 
foremen or workmen to fix the shape and dimensions of cocks, bolts, and 
other subordinate parts, is one likely to lead to much confhsion, and is 
not to be commended. Every thing should be drawn in the drawing- 
office, even the spanners, oil-cups, and gauge -cocks ; and for any misfit, 
the person who has made the drawing should be responsible, provided his 
dimensions have been followed. It should be the part of the foreman not 
to design portions of the work, but to see the work properly executed ; 
and no foreman should be permitted to alter or add to a drawing on any 
account whatever. Should he perceive any mistake or omission, he should 
come to the drawing-office to have the requisite alteration made, but should 
not be suffered to make it himself. It is only by a rigorous adherence to 
this plan that mistakes and confusion are to be avoided, or that an accurate 
record can be kept of the work which has been done. The practice with 
the London engineen is to make their working drawings to a scale of 1} 
inches to the foot, — representing portions, however, of such parts as the top 
ends of the side rods, bottom of connecting rod, &c, of which the form 
cannot readily be found from the measurements of a rale, of the full size. 
The drawings are fixed upon boards, and vamished so as to preserve them 
from the effects of grease ; and a ledge of wood is nailed round the edges 
to keep them down, and prevent the drawing fh>m being rubbed when the 
boards are piled one upon another. Erection drawings should be given to 
the foreman of the erecting shop, with all the centres marked in their 



proper places ; and the sixe should be given to which the cylinder is to b« 
ccut, as well as the size to which it is to be bored. Every erector should 
have a box for holding his hammers, chisels, and files ; and every finisher 
a drawer for holding his tools. Steel straight edges are preferable to 
wooden ones for most purposes, and the different workshops shonld be 
supplied with them. All tools going out of the factory should be weigfaedt 
and weighed again when they are brought back. It will generally be 
found the best economy for factories to make their own gas, and all the 
workshops shonld be well lighted, so as to save candlet. Flexible tubes, 
fitted at the ends with heavy candlesticks, will be necessary to supply gat 
for the erectors. 

To make the manufkcture of engines profitable, it is necessary to be 
able to get good orders, and to be able to manuftcture cheaply. Orden 
are most easily got by maken who have a name : yet a name is not in all 
cases of itself a sufficient attraction, and other sllurements moat be pre- 
sented. The ability to give money accommodation will, in many cases, 
establish a preference, but the chidT reliance shonld be placed npon the 
activity of the managing head, who, with competent engineering know- 
ledge, should be a thorough man of business, and whose functiooit should 
be to agitate unceasingly among the persons likely to require engines 
made. In fixbg the plan of engine, the highest scientific attainments 
should be put in requisition ; but the plan once fixed, the production of 
engines ceases to be a profession, and is as much a trade as building or 
weaving, and, to be profitable, must be punned on the same system. A 
fiistidious taste, or a wavering disposition, are only barrien to com- 
mercial success ; and those will make most money who, instead of distract- 
ing themselves among snperUtive refinements, will look chiefly to getting 
the work done. Improvements have their price as well as their recom- 
pence, and, to be profitable, they must be introduced at rare intervals, and 
then only after they have been satisfactorily tested, so that their success is 
certain. In their designs and their model experiments, engineen may be 
as revolutionary as they please; but a manufactory should be a conservative 
institution, and can never be made profitable amid perpetual changes. The 
form selected should be preserved intact until the accumulation of new 
improvements is such as to justify and compel the introduction of another 
combination, which should in its turn be retained until a new crop of im- 
provements has been raised equal in value to the former, lifamufkctare 
18 thus reconciled with progress ; and the altemative is averted of tedious 
and expensive production, or a gradual lapse into antiquity. 

The most important element of prosperity, however, m the oondnet of 
factories that we can discern, is that of mwuff the workmen employed 
participatora in the profiu realised, whereby their energies are effectually 
enlisted, and their ingenuity stimuUted to the device of cheaper method* 
of manufiicture. If this innovation be generally carried into effect, strikes 
will become impossible ; and the ingenuity of the workmen, at present a 
barren field, will spring up into new forms of life and productivenesa. The 
collective inventive genius of the operative classes is a mine of unspeakable 
wealth, and will at once be rendered avaiUble by making it the interest 
of the workman to plan cheaper methods of mani^acture. The mauagen 
of factories are generally made participaton in the profits realised, and the 
most beneficial results have sprung fix>m the arrangement ; but the prin- 
ciple has not been generally extended to the workmen, though recent ex- 
periments show that, in their case, it might be applied with equal ad- 
vantage. M. Ijeclaire, a house painter in Paris, has for some yean made 
his workmen participatora in the profits of his establishment ; and, in a 
pamphlet recently published, he speaks of the system in the highest terms 
of praise. Lord Wallscourt has long puraued a similar plan in the culti- 
vation of his estates in Ireland, and its operation has been such as to 
stimulate the supine Irish peasant into active industry, and to shed pros- 
perity and gladness over a district that was formerly the abode of fkmine 
and despair. In reply to our inquiries. Lord Wallscourt says, '* I have 
tried the plan for seventeen yean, and have found it to answer much be- 
yond my hopes ; inasmuch as it completely identifies the workmen with 
the success of the farm, besides giving me full liberty to travel <m the 
continent, for a year at a time, and upon my return, I have always found 
that the fkrm had prospered more than when I was present" Lord Walls- 
court's practice is to reckon every workman as the invester of as much 
capital as will yield, at five per cent per annum, the sum paid to him ia 
wages. In a factory conducted on this principle, the capital requisite fbr 
the erection of the necessary works, and for carrying the business on, 
would be regarded in the light of a debenture, npon which a sufficient nrtc 
of interest to cover the risks would have to be paid, before any profits 
could be divisible among the workmen; but a certain rate of wages would 
be secured to the workmen as a minimum, whether there were profits or 
not The profits might be divided every year ; and, to avoid a partner- 
ship transaction, might be distributed as gifts instead of profita, whereby, 
too, any workman discharged for misconduct would have no ftirther **Vi— 
upon the establishment. This is the plan pursued both by Lord Wallscourt 
and M. IxK:laire, and we have their testimony to show that it ia in every 
respect satisfactory. 

It is clear that the principle of a fair division of profits satisfies every 
aspiration of industry. Machinery, instead of being the competitor of the 
working man for subsistence, will, so soon as this great principle gains an 
effectuid introduction, be his assiduous slave. If machinery ploughs, or 
spins, or toils in the mine, it is for him that it will perform these bencfient 
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libonn; and vhaterer benefit the introdaction of machinery brings, he 
will participate in it in a fiur proportion. Every intellectual capacity will 
be brought into increased exercise; invention will be stimulated, and 
improved modes of construction will be devised. We own we think that 
even six hoars of work in the day would be enough ; for with good ma^ 
ehinery, efficient direction, and such activity as must arise when men are 
made participators in the profits arising from their labours, as much work 
may be done in six hours as in ten or twelve hours according to the pre- 
sent system. 

Sach, then, are the chief considerations which suggest themselves to us 
in connection with Uie management of factories. The fiuitory should be 
oommodionsly situated, and should aim at the production of large quan* 
titles of the same kind of work, so that the requisite tools and appliances 
may be introduced to make the production a manu&cture, and Uie inen 
will only have tasks to perform with which they have long been fiuniliar. 
So soon as the plan is settled, all considerations of scientific excellence 
dumld be dismissed, and the work should be conducted as if the only 
oldect to be considered were the production, at the cheapest rate, of certain 
hundreds of tons of finished castings and polished smith work. Of course 
quality must not be sacrificed in the aspiration after cheapness; but the 
quality being fixed, the question is how to produce the articles required 
at the cheapest rate. We believe that the adoption of the principle of 
dividing the profits with the workmen, will add to the employer's gains, 
and diminish his anxieties ; while to the workman it will brin^ such ame- 
liorations as will at once place him in his true position in society. With 
the termination of the existing system, the strife now subsisting between 
masters and men must cease, and they will be knit together for the future 
by an identity of interests, which will gradually grow up into a mutual 
confidence and regard. 

MANAOEMKNT OF EN0IME8. 

We have already, at page 203., given directions for the management of 
the pumping engine, and as the management of the rotative mill engine is 
identical with that of the marine engine, we shall restrict our remarks under 
this head to the subject of marine and locomotive engines. Marine engines 
require more intelligence for their management than any other description 
of engine, partly in consequence of their great size and complication, and 
partly on account of the serious consequences an accident may entail, if the 
vessel be at the time in a critical situation from stormy weather or adverse 
winds. On foreign stations, too, the engineer is thrown very much upon 
his own resources should an accident occur, and the least weighty conse- 
quence of his ignorance or neglect will be to damage seriously a very ex- 
pensive machine. To the management of marine engines, therefore, our 
present remarks will be chiefly directed, as if this part of the general sub- 
ject be mastered, the other branches of it will cease to present any difficulty 
which the most moderate reflection may not surmount 

The first and weightiest duty of the steam-boat engineer is, to see that 
the boilers are properly cared for. The length of the watch is generally 
about four hours, and the engineer on watch should be in perpetual at- 
tendance on the boiler, to see that the feed is properly maintained. If the 
boiler be blown off by means of blow-off cocks, the operation should be 
performed twice in the watch, or once every two hours. The feed should 
be so set that the water will rise in the course of two hours fh>m a little 
below the middle to near the top of the glass gauge tube, and in opening 
the blow-off cocks the water should be allowed to subside fh>m near the 
top of the glass gauge tube to a little below the centre. This, it is true, is 
a very indefinite quantity, for the area of the water level varies in different 
boilers, and the glass tubes are of different lengths ; but the engineer will 
soon discover the exact quantity of blowing off requisite for the particular 
boilers he works — the rule being to blow off so firequently or so much as to 
prevent any accumulation of scale within the boiler. We wish here to 
repeat again that in every case in which there is an accwmdation of scale in 
the boiler, the fault lies wiA the engineer, who is either ignorant of his duty 
or inattentive to it. The scale should never be thicker £an a sheet of paper 
in the worst parts, with the black iron showing in other places ; and the 
operation of blowing off must be carried so far that this thickness will never 
be increased. In some boilers the scale in the water spaces is suffered to 
accumulate until the spaces are completely choked up in some places, and 
the iron of the flues then gets red hot, and is bellied inwards by the pres- 
sure. When this takes place, the only plan to pursue, if the salted parts be 
not easily accessible from the interior of the boiler, is to cut large manhole 
doors in the flues, and to quarry out the salt with appropriate instrumenta. 
As much may be quarried out every voyage as can readily be accomplished, 
and the manhole doors may in the meanwhile be closed by means of cross 
bars and bolts in the usual fashion. As soon as the boilers are clear, these 
holes may be covered with plates ri vetted on, but if the boilers be con- 
siderably worn, the manhole doors will last as long as the boilers, and need 
not be removed. 

In boilers furnished with brine pumps, reliance must not be placed upon 
the pumps always acting well, and once every watch some water must be 
drawn off from the boiler to be tested by a salt gauge, to see whether it is 
too salt or not There is* no salt gauge wbich is received as a standard, but 
the engineer may easily make one as follows ■ — Take a glass phiai or 
cau de Cologne bottle, poor into it so much shot that it will nearly sink in 



sea water, and then cork it tightly. Take any convenient weight of boiling 
water, say 33 lbs., add thereto I lb. of salt, and then put the phial into it 
turned upside down, so that the shot will rest against the cork ; make a 
mark at the point at which the water stands on tne phial ; this represents 
the saltness of sea water. Add then another pound of salt to the water, 
marking the pomt on the phial at which the water stands, and repeat the 
operation until 12 lbs. of salt have been added, at which point the water 
will have received as much salt as it can dissolve ; transfer the marks upon 
the bottle to a paper scale, which paste on the inside of the bottle in exactly 
the same position as the original marks. You will then have a salt gauge 
which will tell the saltness of brine from the point of sea water up to the 
point of saturation. Reckoning sea water at 1, the water within the boiler 
should not exceed the saltness represented by 4, at which point the water 
contains j^ of salt This, though a tolerably correct instrument, is ob- 
viously a rude one, and it is preferable to have salt gauges properly made 
by the glass-blower, but graduated by a boiling solution on the principle we 
have described. A salt gauge is merely a hydrometer, and may be made 
by any person conversant with the manufacture of those instruments. 

The safety of the boilers being assured, the next point the engineer on 
watch has to look to, is to see that the pressure of the steam is properly 
maintained. Here ahnost every thing depends on the fireman. One fire- 
man will keep the steam up with a moderate consumption of coal, while 
another, with an increased consumption, will not prevent the pressure from 
declining, and yet it is hard to say wherein lies the difference of manipula- 
tion. It is a common fault, however, with lazy or ignorant firemen, to pil» 
up the coal at the mouth of the fnmacea, while the bars at the after end are 
nearly bare, and if there be any holes in the fire, the cold air will rush up 
through them and greatly diminish the efficacy of the fuel Opening the 
furnace door frequently has also a pernicious effect, and should be avoided 
as much as possible. It is desirable that tbe bars should have a considerable 
inclination, to facilitate the descent of the fuel upon them, and thus keep the 
after end of the bars effectually covered. Bars are to be preferred that are 
made of malleable iron, as they are more durable than cast iron bars, and 
may be made thinner, whereby they more effectually distribute the air 
among the burning fuel Bars three quarters of an inch thick on the upper 
edge, tapering to one quarter of an inch thick on the lower edge, seem to 
answer very well when the bars are of malleable iron. The greater width 
between the bars at the under than at the upper edge, fiicilitates the ad- 
mission of the air, and the descent of the ashes and cinders. Bars are 
usually set {ths of an inch asunder, but this width must be diminished if the 
coal be very small, and can be diminished with impunity when the bars 
are thin. 

If the boiler when tolerably well fired is still short of steam, a few wind- 
sails should be set up and their ends directed into the engine room, so as to 
send into it a larger supply of air ; or by setting the foresail the draft may 
sometimes be increased. In some cases the hatches through the deck into the 
engine room are too small to admit the necessary supply of air to the fhmaces, 
and they must then be enlarged, or new ones opened. Partially closing the 
damper will sometimes increase the generation of steam, and m such cases 
it is expedient to place a sheet iron hanging bridge at the end of the flues, 
where they enter the chimney. In the case of tubular boilers, however, 
this cannot be done ; but a sliding perforated plate, or Venetian damper, 
may be so applied to the ends of the tubes, as .to retain the hot air for a 
longer period within them, thereby increasing the efficacy of the fuel. 
Whatever be the steam producing powers of the boilers, a vacuum should 
never be suffered to be formed within them, as it is impossible to blow off 
if there be a vacuum in the boilers, and the gauge cocks, moreover, will in 
such case cease to afford any indication of the height of the water level. 
If the pressure of the steam cannot be maintained, that grade of the expan- 
sion cam must be used, which will cut off the steam at such a point as will keep 
the pressure at the right pitch ; or if there be no expansion gear, the throttle 
valve must be so &r closed as to keep the steam gauge nearly up to the 
point answering to the load on the safety valve. Partially closing the 
throttle valve of an engine, will have nearly the same effect as the use of an 
expansion valve, if there be any lap on the steam slide ; for the steam, 
though it presses on tbe piston with tbe full force at the beginning of the 
stroke, when the motion of the piston is slow, cannot maintain the pressure 
on account of the smallness of Uie opening, when the motion is quickened ; 
the pressure within tbe cylinder therefore declines, and if, before the motion 
becomes slow again, as it will do towards tbe end of the stroke, the steam 
be shut off by the lap on the slide, an effect will be obtained almost identical 
with that wbich would have followed the application of an expansion valve. 
The action is further illustrated by the indicator diagram. ^.343. page 248, 
to which it is sufficient to refer. Partially closing the throttle valve checks 
priming, and opening the throttle valve or tbe safety valve suddenly has a 
great tendency to produce it, as has already been mentioned at page 83. 
When the boiler primes, the speed of the engine is sure to be diminished, 
in consequence of the large quantity of water the air pump has then to 
deliver, and it will be expedient in such cases partly to shut off the injection 
water. When priming begins, engineers generally close tbe throttle valves, 
diminish the supply of injection water, and open the furnace doors. If the 
priming be very strong, so as to cause the water to leave the boilers very 
quickly, it is necessary to have a few buckets of water at hand, to throw in 
upon the flre the instant the water subsides below the glass tube. It will 
not do then to set about the drawing of fires, for all the damage may be 
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done before the fires can be drawn, bat the engineer most open the famace 
doors and throw in a few buckets of water, standing to the one side to 
escape the backward rash of the steam, which would otherwise scald him. 
The fires will not be put out by this regimen, but will be so far damped as 
to prevent them from doing any injury to the boiler, even though it be a 
tubular one with brass tubes. The same urgent haste is not necessary, if 
boilers have begun to salt from the stoppage of the blow-off pipes, and there 
it will do to draw the fires preparatory to pumping out their contents by 
the deck pump, if they cannot be blown off through the deck pump sea 
cock into the sea. But in the case of the water being suddenly carried out 
of the boiler by priming, or of the water having been suffered to subside too 
far by the neglect of the feed, the best plan is to quench the fires in the way 
we have described. If from the neglect of the feed, the flues or furnaces 
have become red hot, on no account must cold water be thrown in by the 
pump, else the sudden pressure within the boiler thus created will be sure 
to make the heated places bulge down, and may perhaps burst the boiler. 
A plate which has bulged down may be set up again by lighting a fire 
against it, so as to make the plate red hot, and then forcing it up with a 
screw jack. 

One of the greatest dangers that can occur to a boiler, is that of a safety 
valve jamming or refusing to act Every boiler ought to have a safety 
valve of its own, and if this valve should jam, the steam has still a means 
of escape through the stop valves into the other boilers, the safety valves 
of which are not likely to be similarly affected ; nevertheless cases have 
occurred in which the safety valves have all been rendered inoperative, 
and it behoves the engineer to prepare himself for such an emergency. In 
one of these cases the cone, which is frequently placed in the ball of the 
waste steam pipe, became loose, and jammed itself into the mouth of the 
pipe, whereby, though the safety valves were all open, the escape of any 
of the steam was prevented. The pressure of steam m the boiler increased 
until it broke some of the boiler stays, and the engineer being unprepared 
how to act in such a dilemma, the boiler would no doubt have burst, had 
not the waste steam pipe given way, when the ball was shot to a great 
height into the air. In this case the pressure would have been immediately 
relieved by opening the blow through valves of both engines, and at the 
same time opening the furnace doors to check the production of steam. 
The existence of a dangerous pressure within the boUer is always shown 
by the steam gauge, the mercury of which is blown out when the pressure 
of the steam becomes dangerously high. If both safety and stop valves 
were to become fixed at the same time, so that the steam could neither gain 
access to the engine nor escape by the safety valve, the best plan would be 
to open the blow-off cocks and all the gauge cocks, throw open the furnace 
doors, and quench and draw all the fires. Such an accident, however, can 
hardly happen, and we have never known it to occur in practice. 

Two or more fires are usually cleaned every watch, depending on the 
number of the furnaces and the quality of the coal. The fires to be cleaned 
are suffered to be burned down until there is very little else than clinker 
left upon the grate, and the whole of this clinker is then raked off, and the 
fire is lighted afret^. The operation of cleaning the tires is usually per- 
formed just before the termination of the watch, and the whole of the 
ashes are then hoisted up and thrown overboard, the firemen on watch 
filling the ash- buckets, and the firemen about to come on watch hoisting 
them up and emptying them into a shoot in the paddle wheel, or over the 
ship's side. There ought to'be a cock on each side of the stoke-hole, about 
2 in. diameter, for the admission of water from the sea for quenching the 
fires and other uses. 

Such are the chief points which solicit the engineer's attention in the 
working of the boilers. In the management of the engines, the first point 
to be looked to is that the cutters are neither too slack nor too ti^ht, and 
that none of the brasses are heating. In the generality of engines, the 
bearing most apt to heat is the crank pin, but much depends on the pro- 
portions of the parts, which differ in different engines. It is usual to lubri- 
cate the crank pin, when it heats, with sulphur and tallow, which is supplied 
throueh a funnel cup instead of the ordinary oil cup, and the same disci- 
pline IS observed in the case of other bearings. This plan answers well 
enough when the heating is not considerable, but it will sometimes be 
necessary to cool the bearing by cold water applied by means of the hose 
communicating with the deck pump. If the cast iron parts, however, such 
as the plummer blocks of the main shaft or their covers, become hot, it 
may crack them to throw cold water upon them suddenly, and in such 
cases it will be better to begin with hot water fh)m the boiler, shutting off 
the boiler cock graduallv from the pump, and opening the sea cock gra- 
dually until cold water is projected upon the bearing. In the malleable 
iron parts of the engine, cold water may be applied to hot bearings without 
this precaution, and the best remedy there for a troublesome bearing is the 
application of the water hose. Bearings, however, rarely heat unless they 
are too tightly screwed up or the supply of oil to them has been neglected, 
and they must be slackened and lubricated as well as cooled with water. 
The heating of a bearing very frequently injures the surface of the metal, 
and cuts away the brass very much : it should therefore be checked at the 
outset, and in replenishing the oil cups, which the engineer should periodi- 
cally do, he ought to feel the bearings to make sure that they are not hot 
He should see at the same time that none of the cutters are working loose. 
A looseness of any of the main bearings will generally manifest its exist- 
ence by a jerk in the engine, but some of the cutters of the parallel motion 



may come out and occasion serious breakages without giving any such 
warning. The same remark applies to any of the main cutters which are 
not made with a taper, such as the cross-head or cross-tail cutters of some 
engines, which may come out without giving intimation of the danger. 
The main cotters about an engine should all be provided with screws, such 
as is represented in the connecting rod strap in our plate of details, to pre- 
vent the cutters from going either back or forward. Generally speaking, 
cutters have a tendency to work further in, whereby, if the tendency be 
not counteracted, they will cause the bearings to heat 

The state of the vacuum will be shown by the vacunm gauge attached 
to the condenser, and if it be imperfect, the cause must be ascertained and 
the fault corrected. If the hot well be much more than blood warm, more 
injection water must be admitted, and if the vacuum is still imperfect, there 
must be some air leak, which the engineer must endeavour to discover. 
Very often the fkult will be found to lie in the valve or cylinder cover, 
which must then be screwed more firmly down, or in the fkucett joint of 
the eduction pipe, the gland of which will require to be tightened, or the 
leaking part puttied up. The cylinder and valve stuffing-boxes may at 
the same time be supplied afresh with tallow, and the door of the condenser 
examined, if the engine be provided with one. The joints of the parts 
communicating with the condenser are usually tried with a candle, the 
vacuum sucking in the flame if the joint be £uilty ; sometimes the cover 
of the foot valves leaks air into the condenser, but in side lever enginea, 
this is a very difficult part to examine when the vessel is under weigh. 

The power actually exerted by an engine is determined by the indicator, 
the operation of which we have already explained at page 170., bat we 
may here give a few directions for the use of the young engineer, showing 
how he may take indicator diagrams himself, and how he may interpret 
the figures thus obtained. In the case of a steam vessel there is more 
trouble in applying an indicator than in the case of a land engine, as the 
proper amount of travel for the string cannot be so easily procured. The 
most convenient arrangement appears to be to add a small wheel and axle, 
or wheel and pinion, to the indicator, so that a string attached to the 
piston-rod and wound on the wheel will give the right motion to the 
cylinder on which the paper is fixed. The indicator may then be applied 
to all sorts of engines, whether fixed or oscillating, without involving the 
trouble of a new metiiod of attachment for each, but the string being tied 
to the top of the piston-rod, the motion will be reduced at once to that 
suitable for the paper cylinder, by means of the wheel and axle. It will 
do, however, when the proposed wheel and axle is not in readiness, to 
attach the string to any part of the parallel motion, or any part of the aide 
lever which partakes of the motion of the piston. The parallel bar and 
parallel motion shaft are often selected. If the motion be taken ttom the 
side lever, the string must be attached in the central line of the beam, for 
if attached on the top of the beam near the main centre, the motion may 
not be the same as that of the piston, and a distorted figure will be obtained. 
Perplexity is sometimes cast over indicator diagrams in consequence of the 
improper attachment of the string, and in all cases of apparent anomaly, 
the first point to be inquired into is the point about the engine, to which 
the string has been attached. It is a good exercise for engineers to attach 
the indicator string to parts about the engine which they know to be wrong, 
in order to &miliarise themselves with distorted diagrams, whereby they 
will be able to detect the imperfection and the causes by which it has been 
produced. 
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Fig. 339. is a cylinder diagram of the City of Aberdeen steamer. The 
atmospheric line running through the centre of it shows the point at which 
the pencil of the indicator stands when there is neither pressure nor 
vacuum below the indicator piston, and it is traced by suffering the pencil 
to make a line upon the paper wound round the drum before the cock of 
the indicator is opened. From the point A, near the left-hand top comer 
of the figure, the pencil starts on its course, and on the cock being opened, 
it immediately flies up and forms the upper line of the figure, which repre- 
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HDt* the pretmre of tlie atcam, tnd fbr erery tendi of an inch — or other 
dimnci which in the gradoatioa of the initrnmeal ii taken to repreient a 
pound preaare — that uie pencil Tiaea, the preuure within the cjliader ii 
that nnmher of ponndi sboTe the atmosphere. Bj the time ike paper 
reaehea the extremity of ita faohtontal trarel, the alide valie has abat off 
the ateam and opened the paaaage to the eondenaer, when the pencil 
dcaeendt to t, poaition beneath the atmoapberic line correspoading to the 
degree of eihanation eiiiting within the cylinder. The bottom liae of tbe 
dil^nuu therefore represenu the qnalilj of the racuam, and by the time 
the paper haa travellel back to the same prnnt from whieh it set out, the 
ilida valre haa cloicd the ednction passage and again let the Bteam into the 
cylinder, when tbe pencil again springs np to the positioo due to the pres- 
aiire of die steam. It is clear from the consideration of this action, that if 
theneam eiperieoced noobetmction in entering or leaving the cylinder, 
the figure would be a perfect para] lei ogram ; the pencil would be instan- 
taneonaly fbrced np to its highest point, where it would remain until the 
tmrel of the paper had terminated, when it would be instantaneously 
fhreed down to ita lowest point, where it would remain until forced up 
agun by the pressure of the steam. In practice, howeTer, thia stale of 
thing! cannot exist ; the ateam requires time to enter the cylinder and 
lime to escape from it, and the diagram is more or less rounded at the 
cometa in proportion to the obstructioa thui presented. The more square 
an indicator diagram is at the comers, the more IHiUy is (he engine working 
np to ita power iA^ the girea pressure of steam. If the comer marked 
"eipanaioo corner" be cut away rerj much, the engine is working to a 
proportionate extent expansively. If tbe "eduction corner" be much 
roonded or slanted away, then the ednction passages are too sinaU. If the 
" lead comer " be mnch slanted oS; tben the amount of lead giren to the 
engine is great, or in other words, the steam aide of xhe glide is opened 
before the end of tbe stroke. If the "starting comer," or the steam comer, 
as it might be called, is slanted off, then the steam does not gain admission 
to the engine sufficiently early. Every change in the engine which occa- 
sions a roimding or slanting away of the comers of the diagmm, diminiiheB 
the power of erery stroke ; fbr the space enclosed by the pencil line repre- 
sents the power of ■ stroke of the engine, and the area of that space is 
diminished by every ronnding away of the comers. It does not follow, 
howBTer, that the peculiarities of stracture which give a diagram cat away 
at the comers are necessarily pernicious in all cases. Expansion produces 
the eff^ referred to ; yet it is known to he beneficial, from the diminished 
power of the engine bemg more than compensated by the ssTlng in steam. 
It ia found advantageous to the working of the engine to give some lead to 
the valve, so that the catting away of the lead comer of the diagram to a 
modersM extent i* not to be looked upon as a defect ; bat the ednction 
comer should be as square as possible, and any rounding of the steam or 
starting comer is a def^t arising from want of lead, or rather from lead 
on the wrong side, — tbe steam valve not opening nnlil some part of the 
stroke has been performed. To compote the power of an engine from the 
indicator dilgnun, divide the diagram in the direction of its length into 
any convenient number of equal parts by lines drawn at right angles with 
the atmospheric line ; set down the length* of the spaces formed by these lines 
inmeafuremeDtsofa scale accompanying tbe indicator, and on which a tenth 
of sn iocb usually represents a poaud of pressure ; add ap the total lengths 
of ill the tpacea, and divide hy the number of spaces ; which will give the 
mean length, or what is the tame thing, the mean pressore upon tbe piston 
in potiiidi per square inch. Multiply the number of square inches of area 
in (he piston hy the nomber of pounds on the square inch, and by the 
speed of the piston in feet per minute, and divide by 33,iXKJ, which gives 
tha Actual number of hones' power : or we may square tbe diameter <^ the 
oyliader, multiply by the effective preuure per square inch, and by the 

Fig. 34a 



247 

s. and divide the product by 43,017, 



motion of the jnston in feet per m 
which gives tbe same result. 

A horse-power is i;ppreseuted by a load of 33,000 lbs., raised one foot 

high in (he minute, which is equal to 528 cubic Uei of water nised 
through tbe same distance. Mr. Watt, when he Erst applied his engines 
to perform work that bad previously been performed by horses, felt that 
some such unit as a horse-power would be convenient in enabling him to 
esumate tbe size of engine required. Ue therefore made experiments to 
ascertain tbe weight that might be lifted per minute hy the strongest London 
horses, and found it ou tbe average to be 33,000 lbs. raised through one foot 
in the minute. It is only the strongest horses, hovtever, that can lift so 
much i and Mr. Smeaton had previously found that S3,000 lbs. raised one 
foot high in tbe minute is as good aperformanoe as can be had from horses 
of average strength working eight hours a day. Mr. Watt, however, 
appears to have been desirous that his engines should exceed rather than 
tall short of their nommal power, and therefore fixed upon a larger per- 
fomunce. In modem engines, the mechanical efficacy of the dimension of 
engine aosweringto a horsa-power has been greatly increased, so that every 
horse-power of an engine rated at 100 bon^ that is, ever^ nominal horse- 
power, may lift 66,000 pounds one foot high in the mmate, instead of 
33,000. A nofoinal horse-power, therefore, ts now merely a commercial 
□nit by which engines are bought or described; bat thedimenslon of engine 
answerable to this nominal power, is that represented by the actual power 
in Watt's original eogtoea. A table of these dimeosions is given at p. S14., 
and (he result is expressed with tolerable neameSB by our rale, p. 107., and 



by tbe rule £". = &?. 
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gg^Q » another rale which gives tolerably 
accurate results, and which, expreaaed in words, is, — Subtract 1 from the dia- 
meter of the cylinder in inches, and square the remainder, which multiply 
by the velocity of the piston in feet per minute, and divide hy S640 : tlie 
result is the horse-power. Tbe speeds of piston, with different lengths of 
stroke, are given at p. 214. This rule gives for the power of an engine 
with a cylinder I inch in diameter, the whole of the power of such an engine 
being considered to be absorbed by friction, which ia relatively greater in 
small engines. 

i^r^.340. represents an mdicator diagram taken from H.M.S. Spiteful, 
made with a different indicator, in which the graduation is more nearly 
one-eighlh than one-tenth ot an inch to the pound of pressure. The scale 
is shown at each end of the diagram. In this case, the pencil, starting from 
the atmospheric line, immediately rises up to 5 ItM. pressure ; but from the 
beginning of the stroke the pressure slowly declines, showing (bat tbe stesm 
is wire-drawn, and at about three-fourths of the stroke tbe pressure declines 
more rapidly, showing that at that point tbe steam is cut off, leaving the 
rest of tbe stroke to be performed by expansion. Before (be B(roke is com- 
pleted, the pressure in the cylinder has fallen to between 9 and 3 Ibc below 
the pressure of the atmosphere. The slanting away at the edne^on comer 
shows that tbe eduction passages are of insufficient area, and the lead 
comer shows that there is more lead given to the valve than is usaal. The 
following are some of the dimensions of this en^ne: — Diameter of cylinder, 
63 in. ; length of stroke, 6 ft. ; stroke of valve, ISj in. ; cover ou steam 
side, 3) in.; cover on exhausting side, Uin, ; size of ports, 95] byejin.; 
toad on safety valve, 6 lbs. per square inch. By computing, according to 
the rules given at p. 90., the amount of eipansion due to the amount of lap 
and stroke of valve here given, it will be found that the steam will be cut 
oSwben from one-third to one-foorth of the stroke remaini to be com- 
pleted, wluch tbe diagram shows to be the case. 

Fig. 341. is an indicator diagram taken from the lur pump of the same 
vessel, the Spiteful, the diameter of which is 3 0. 1) in., and tbe stroke 
3 ft. S^io. The diameter of the waste watar pipe is l^Jin. When the air 
pump bucket was at the bottom 
of it* stroke, tbe indicator pencil 
was at u, showing a vacuum in 
r^f the pump of about IS lbs. on tbe 
.j square inch. As tbe bucket 
rose, the air and vapour in the 
pump was compressed till tbe 
pencil reached tbe point b, show, 
ing a presture of about 6 lbs. 
above the atmosphere. At this 
■O point the delivery valve aeemt 
to have opened, and allowed the 
pent up vapoort to caeape, when 
the pencil fell to the point e, but 
here the water in the pump 
.5 aeems to have come against the 
cover, forcing np the pencil to ita 
highest point, a, which shows a 
pleasure of about S lb*, above the 
Btmoaphere. From this point the 
presture appears to itimiwiih |q ^ 
IP during the ascent of the bockel, 
and from e to/dnring the down- 
ward stroke. The diagram, how- 
ever, from d downwatda to yi ia 
anomalotMifbrhowean the pm- 
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sore be rapposedto defeend from <f to e when 
the backet \b still ascending, and wherefore fL^ 
does the line slant away from e to /, when g 
it ought to &11 perpendicularly, in conse- 
quence of the immediate formation of a 
▼acanm in the pomp, caused by the descent 
of the bucket? It appears to us that the 
coyer of the air pump must have leaked ur 
at the time this diagram was taken, and we 
think farther that die string leading to the 
indicator must have come against some 
part of the engine towards the end of the 
top stroke, thereby shortening the string, 
and quickening at that point the travel of 
the paper, whereby the slanting off, proper 
to the recoil of the spring from dtoe, and 
to the imperfect yacuum fitmi eto f, would 
he eza^^gerated. Fig. 342. is another indi- 
cator diagram, taken ftt>m an air pump, which 
in this case is that of the City of Aberdeen ; 
and here, it will be seen, there is no distor- 
tion such as that which occurs in the Spite- 
fid's diagram. The following are some of j^l 
the dimensions of the parts of the City of 
Aberdeen's engines which have reference to |o 
the diagrams we hare given. Diameter of "A 
cylinder, 62 in. ; length of stroke, 5 ft 6 in.; 
lap on steam side of yalve, lj[in.; pres^ 
sure of steam, 7 lbs. ; lead, \ in. ; dia- 
meter of air pump, 87 in. ; length of stroke of air 
of waste water pipe, 12 in. ; height of mouth of 

Fig, 342. 
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pump, 3 ft. ; diameter 
discharge pipe above 



Atmotphmc lAne^ 




In marine engines the air pump is always made of alarger sixe than that eooi- 
monly used for land engines ; for when the speed of the en^e is momen- 
tarily diminished bv the waves rising around the paddle-wheels, the iiqeetion 
water is all the while running into the condenser in undiminished quantity, 
and unless the air pump be very large, it will be unable at such times to 
deliver the water. 

Fig. 343. is an indicator diagram taken from the cylinder of a land engine 
54 in. diameter, and 5 fL 6 in. stroke, erected by Mr. Furbaim. The steam 

Fig. 343. 
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delivexT valve, 7 ft 8 in. The pressure on the air pump bucket due to this 
head of water is about 4 lbs. on the sq. in. The scale of the diagram is <^th 
of an inch to the pound pressure, and the pressure shown by uie diagram 
is about 54 lbs. on the bch ; so that about 14 lbs. on ^e inch is required to 
open the delivery valve, and overcome the friction of the passages. The 
vacuum in the pump is about 1 S) lbs. on the inch. The pencil in indicator 
diagrams very generally makes a few oscillations up and down before it in- 
dicates the true pressure. This is caused by the momentum of the indicator 
piston ; and it is therefore expedient to make it as light as possible. 

We may here, by wa^ of example, compute the power required to work 
the air pump of the Spiteftd, taking the diagram to represent the power 
actually expended. We may first divide the diagram by the dotted lines, 
1,2, and 3, into fbur equal parts, which parts we may again subdivide, making 
eipht ordinates altogether. The pressure per square inch on the bucket 
will therefore be, — during the fint eighth of the stroke, ; during the 
second eighth, }; third 1 ; fburth, 2 ; fifth, 6 ; sixth, 13 ; seventh, 151 ; 
eighth, 18 ; the mean of which is 7. Fnmi this has to be deducted the 
pressure which assists the bucket in its descent, whether ftt>m the Irakage 
of air or otherwise, and which is, during the first eighth, 8^ ; during the 
second eighth, 1} ; and during the remainder of the stroke, 0. This gives 
a mean of 1'25 lbs., which, deducted ftt>m 7, leaves 5*75 lbs. on the square 
inch. The weight of water lifted by each stroke, taking the delivery valve 
to open at the point c, will be 395 lbs., which, divided by 1104, the square 
inches of area of the bucket, gives *357 lbs. of pressure per square mch, 
produced by the water lifted each stroke, making 6*107 lbs. effective 
pressure per square inch opposing the ascent of the b^ket This is equi- 
valent to 3*053 lbs. resisting the motion both ways, or since the air pump 
is about |th of the capacity of the cylinder, it is equivslent to a fifth of 
3*053 lbs. or *6U lbs. per square inch acting qjD. the piston. Hence the 
number of horses' power expended in working the air pump of this engine 
is found b^ multiplying the area of the piston in square inches by "61 1 Ibs^ 
then multiplying by the speed of the piston in feet, and dividing by 33,000. 
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in the boiler is of a pressure of 341b8. on the square inch, which pressure is 
not reached in the cylinder, and there therefore appears to be condensation 
in the steam pipes. The pressure is tolerably well maintained at the com- 
mencement of the stroke, on account of the slowness of the motion at that 
time ; it rapidly declines as the speed of the piston quickens, but rises 
somewhat towards the end of the stroke, in consequence of the diminution 
of the piston's speed. If the valve had been furnished with sufficent lap to 
cut off the steam at half stroke, the diagram would have followed the direc- 
tion of the dotted line, and the effect would have been superior. The 
engine is obviously workine much below its power. 

The attendants upon engmes should prepare themselves for any casualty 
that may arise, by considering possible cases of derangement, and deciding m 
what way they would act should certain accidents occur. The course to be 
pursued must have reference to particular engines, and no general rules can 
therefore be given ; but every marine engineer should be prepared with 
the measures to be pursued in the emergencies in which he may be called 
upon to act, and where every thing may depend upon his energy and 
decision. If the ship springs a leak, the water may generally be kept under 
by injecting firom the bilge, and every steam-vessel should be provided with 
cocks fbr this purpose. These cocks should not communicate with any 
rose within the condenser, as the water drawn fh>m the bilge is not dean 
water, and a rose within the condenser would probably soon become choked 
up. Should there be no iigection fW>m the bilge, a great deal of water 
may be lifted out by partly opening the sniftin jf valves, but should they be 
of such a construction as not to admit of being opened by a handle, or 
should they be in an inacessible position, the cover of the fbot valve, or te 
man-hole door of the condenser, may be slackened. If the snifting vahre 
cannot be opened readily, the injection may be shut off, so that the engine 
will heat and vitiate the vacuum, and the valve will then open of its own 
BceoTd during the descent (^ the mr pump bucket When raised, it mnst 
be prevented fh>m closing again by something being wedged in bekm it: 
the steam will then be condensed in the air pump^ and the water drawa 
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fhrottgli the raifting Talye will, m all ordinary leaks, soon leave the ship 
dry. U fire break oat in the vessel, the best plan is to keep all the hatches 
dose, to scuttle the deck, and to direct the hose leading from the deck pump 
upon the fire. The fire hose most on no account be used for pumping out the 
boilers, washing the decks, or other such purposes, but must be kept in a 
locker close beside the deck pum[s for the single purpose of quenchinjf 
fire ; and should be examined and oiled once a month. Cotton waste, if oil 
be spilled upon it, is liable to spontaneous combustion, especially if kept in 
a hot place ; and such combustibles should never be kept in lockers behind 
or near the boilers, or in any place where there is much light wood work 
that would readily take fire. The coals often catch fire fh)m spontaneous 
combustion, but dama^ rarely arises therefh>m : they should be quenched 
immediately the fire is discovered, by directing upon them a stream of 
water from the hose. Coal or combustibles of any kind should not be kept 
under the cabins, as it would be ahnost impossible to pat out a fire among 
the light joiner-work of the cabins. Some vessels are fitted with a steam- 
cock for qaenching fires, by filling the place with steam ; but such a cock, 
being seldom used, is likely to be neglected and become so much corroded, 
tbai it cannot be turned when wanted. If collision occur, and the steamer 
is cut down by another vessel to the watei^s edge, it may be necessary to 
blow off one wing boiler instantly, and fill up the other, so as to give the 
vessel a list to raise the broken part out of the water. There is no time for 
hesitation in such cases : the engineer must decide on the instant what he 
is to do, and must do it at once. In some cases of collision, the funnel is 
carried away and lost overboard, and such cases are among the most 
difficult for which a remedy can be sought If flame come out of the 
chimney when the funnel is knocked away, so as to incur the risk of setting 
^e ship on fire, the uptake of the boiler must be covered over with an iron 
plate, or be sufficiently covered to prevent such injury. A temporary 
chimney must then be made of such materials as are on board the ship. If 
there are bricks and clay or lime on board, a chimney may be built with 
them, or if there be sheet-iron plates on board, a square chimney may be 
constructed of them* In the absence of such materials, the awning stan- 
eheons may be set up round the chimney, and chain rove in through among 
^em in the manner of wicker-work, so as to make an iron wicker chimney, 
which may then be plastered outside with wet ashes, mixed with clay, flour, 
or any other material that will give the ashes cohesion. War steamers 
should carry short spare funnels, which Inay easily be set up should the 
original funnel be shot away ; and if a jet of steam be let into die chimney, 
a very short and small ftmnel will suffice for the purpose of draught 

If ihe crank pin breaks, the other engine must be worked with the one 
wheel. It will sometimes happen, when there is much lead upon the slide 
valve, that the single engine on being started cannot be got to turn the 
centre if there be a strong opposing wind and sea ; — the piston going up to 
near the end of the stroke and then coining down again, without the crank 
being able to turn the centre. In such cases it will be necessary to turn the 
vessel's head sufficiently from the wind to enable some sail to be set, and if 
once there is weigh got upon the vessel, the engine will begin to work pro- 
perly, and will continue to do so, though the vessel be put head to wind as 
before. If the eccentric catches or hoops break or come o^ and the damage 
cannot readily be repaired, the valve may be worked by attaching the end 
of the starting handle to any convenient part of the other engine, or to some 
part in connection with the connecting rod of the same engine. In side 
Sever engines, with the starting bar hanging from the top of the diagonal 
stay, as is a very common arrangement, the valve might be wrought by 
leading a rope from the side lever of the other engine through block^ so as 
to give a horizontal pull to the hanging starting bar, and the bar could be 
brought back by a weight Another plan would be to lash a piece of wood 
to the cross tail butt of the damaged engine, so as to obtain a soficient throw 
for working the valve, and then to lead a piece of wood or iron from a 
suitable pomt in the piece of wood attached to the cross tail to the starting 
handle, whereby the valve will receive its proper motion. If the shafts or 
cranks crack, the engine may nevertheless be worked with moderate pres- 
sure to bring the vessel into port ; but if the crack be very bad, it will be 
expedient to fit strong blocks of wood under the ends of the side levers, or 
other suitable part, to prevent the cylinder bottom or cover from being 
knocked out, should the damaged part give way. The same remark is ap- 
plicable where flaws are discovered in any of the main parts of the engine, 
whether they be malleable or cast iron ; but they most be carefully watched, 
so that the engines may be stopped if the crack is extending further. 
Should fracture occur, the first thing obviously to be done is to throw the 
engines out of gear, and should there be much weigh on the vessel, the 
steam should at once be thrown on the reverse side of the piston, so as to 
counteract the pressure on the paddle-wheeL 

These, then, are the most important of the points which suggest them- 
selves in connection with the management of marine engines when they are 
at work ; we have next a few remarks to offer upon the general manage- 
ment of the engine room, and upon the secret of economy in the working 
of steam vessels. In dealing with the firemen and coal trimmers, there 
must be as many stcmding orders as possible, so that the engineer may be 
saved a perpetual expenditure of thought on mere matters of routine, 
whereby his attention may be given to more important objects. The coal 
trimmers iiave usually the care of the lamps, the whole of which should be 
eoUeeted, cleaned, and trimmed every morning, and each then put in its 
proper place. For every thing in the engine room there should be a place, 



and fbr its being ibere, and being clean and fit fbrtiteiaaiiieptrioii or other 
riioidd be responsible. It appears to be expedient to give to the best fire- 
man a few shillings a week more than the rest, and to make him responsible 
fbr all the spanners, the blocks for raising cylinder and air pump covers, 
and the screw for the paddle-wheels; and all these articles should be 
ranged, like the muskets of an armoury, upon the engine room bulk head. 
The spare gear should be ranged in the same situation, and should either be 
painted or he kept bright The oil cans, lamps, and tellow kettles, may be 
put under the charge of the head coal trimmer ; they should all be of brass 
of the same colour, and should, be kept bright and dean* Of the oil tank, 
tallow locker, and waste chest, the engineer himself should keep the key, 
and should give out every morning the quantity allowed for the day's con- 
sumption. Bolts, copper drifts, and other light miscellaneous artides, the 
engineer should keep locked up in his store closet, where also he should 
keep his hammers and chisels, saws, drills, taps and dies, files, smith's 
tongs, and other similar implements. The paddle bolts and plates are in 
the charge of the carpenter, but the engineer should ascertain that the car- 
penter is alwajrs provided with a sufficient supply. Every steamer intended 
for the performance of other than short voyages, should beprovided with a 
smith's forge and anvil, and with a small turning lathe. The smith's forge 
should be ^ a compact form, with the bellows situated beneath the hearSi, 
and it should be set in a recess in the engine room, where it is always in 
sight ; if stowed away in a dark place, the leather of the bellows will be- 
come mouldy and rotten. The engineer's store closet should be made witii 
a glass door, so that any one visiting the engine room ma^ see that the 
various articles in it are well taken care o^ uid that each is in its right 
place. The whole of the bolts about the en^e of the same diameter should 
be made with the same pitch of screw, and the taps and dies supplied to the 
engineer should correspond therewith. Where there is a line of several 
vessels, it is most important that the whole of the engin^ should be the 
same, so that any one part of one engine may fit all the others. The boilers 
should also be of the same sise, though they need not be of the same in- 
ternal structure ; and so soon as a boiler becomes much worn, it should be 
taken out and replaced by another, which is kept in readiness— ^e wont 
boiler being then thoroughly repaired ashore, and made fit for putting into 
another vessel. This plui is much more economical than that of executing 
heavy boiler repairs on board the vessel ; and the beams above the boiler, 
the coal boxes, and all the boiler attachments, should be so contrived, that 
the boiler may be removed with facility. The firing tools and instruments 
for removing the deposit through the mudhole doors, are usually laid on 
hooks in the engine room, fixed against the side of the ship, and beneath 
these hooks the ash buckets and buckets for quenching the fires may be 
ranged. These buckets should be of strong sheet iron, with rims round 
top and bottom. The lamps used in the coal boxes and for deaning the 
boilers, may be made of a short piece of malleable iron pipe staved up 
round at the one end, and with a bottom brased in at the other, and short 
side pipes for the wicks may then be brazed on, which pipes diould lead 
to near the bottom of the lamp ; through a small hole in tiie top, a filling 
pipe should descend to near the bottom of the lamp, which may be furnished 
at the top with a projecting neck, on which a swivelling lumdle may be 
fixed. The oil is poured Uirough the centrd pipe, and cannot be spilled 
though the lamp is turned upside down, nor can such a lamp be easily 
broken. The engineer wiU always require to carry glass gauge tubes with 
him, and the glass tube sockets should be so made that a tube may be put 
in at sea. The cocks connecting the glass tubes with the boiler, should be 
so made as to admit of the tubes being blown through with steam to clear 
them, as in muddy water they will become so much sdled, that it will be 
difficult to see the water. The whole of the artides of engine room fomi- 
ture should be entered in a catalogue, and the engineer should be hdd 
responsible for their safe custody and preservation. The various engine 
room stores required, such as white and red lead, paint and paint oil, paste- 
board, rope yam, emery paper, Bath brick, brooms, shovels, and other 
articles, should all have their appropriate places in the store closet, and the 
engineer should, for his own satisfaction, keep an account of the consump- 
tion of them. 

Steam vessels, to work economically, should have large engine power, 
with moderate boiler power ; they should make as much use of sails as 
possible, and in fair winds or fine weather should work very expansively. 
In the case of adverse winds or tides, on the contrary, they should exert 
their full power, as it is only the excess of power poss^sed by a vessel over 
that requisite to stem an adverse wind or current, that is available for her 
propulsion ; and the greater the power, the less will be the proportionate 
loss from her subjection to such influences. In fair winds, the engineer 
should use such a measure of expansion as will maintain the speed at about 
ten knots per hour ; speeds materially higher than this are only got at a 
great proportionate expenditure of power ; and in the generality of cases, 
tile objec^ when this speed is obtained, should be not to increase the speed, 
but to save the fuel. Sails are far too iittie used in steam vessels : many 
captains never set them at all ; but every sail unset when the wind is fair, 
involves an expenditure of fhel which might otherwise be saved. The 
resistance opposed to vessels moving through water increases as the square 
of the velocity, and the power requisite to overcome that resistance as the 
cube of the velocity ; so that to double the speed takes eight times the 
power. The centre of pressure of the paddle boards should not move 
much more rapidly than the vessd moves through the water, else there 
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irill be 1 great loss of power fh)m dip, — the power being wasted in forcing 
the water back from the wheel instead of being expended in forcing 
the Teasel forward. The proportion of float-board, therefore, or the dip of 
the wheel, is an element <^ economy in the working of steam Teasels, and 
mnst have reference to the power of the engine and the resistance expe- 
rienced bj the vessel Four or five floats are nsnally immersed in the 
larger class of sea-going vessels; and with such a dip the engines are not 
subject to injurious fluctuations of speed from the roughness of the sea. 
The power exerted by an engine is of course greater when working tut 
than when working slow ; but if the increased speed be obtained by an 
inade<}uate float sur&ce, the increased power wUl be more than thrown 
away m churning the water ; and the result will be an increased consump- 
tion of fuel with a diminished speed, or, in the most &vourable case, with 
a speed not increased in anything near the ratio of the increased consump- 
tion of fuel 

The most beneficial amount of fioat surfiice having been determined, as 
may easily be done by trying the efiect of different degrees of expansion 
if the float surface be too small, and by lightening the vessel or hoisting 
sail if it be too large, the floats should be flrmly secured in their places; 
but it may be taken as a general rule, that the horizontal speed of the en- 
tering float must be as great as that of the ship, else the entering float will 
carry a sea before it, as is done by the bow, and will impede as well as 
aid the vessel's progress. The steam pipes should be clothed with felt 
and covered with wood, and the cylinders and boilers should also be effec- 
tually clothed, as has been already stated, so as to prevent the dispersion 
of heat, and to keep the engine room cooL Care must be taken that the 
pistons and valves do not leak steam, which would greatly increase the 
consumption of fuel ; and their tightness should be occasionally tested by 
lifting the covers and letting the steam in below the valves and pistons. 
The engineer should assure himself, when getting coals on board, that he 
really receives the quantity professed to be given, and one of the engineers 
should fiee the whole quantity weighed ; he should also compute the ca- 
pacity of the coal-boxes, as an additional check, and if they hold too much 
he may be tolerably sure that he has not received his quantity. The 
density of coal varies somewhat; the bushel of Welsh coal being 94 lbs., 
while the bushel of Staffordshire coal is only 84 lbs. ; but it is an easy 
thing for the engineer to weigh a vessel of the coal, of any given capacity 
in cubic feet, fh>m whence the weight of any other number of cubic feet 
can readily be determined. On the average, a ton of coal occupies a mea- 
sured ton of stowage. If the coals occupy more than the computed space, 
the inference is that they are badly stowed. Long ftunaces are generally 
more extravagant in coal than short fhmaces ; and many cases might be 
mentioned where shortening the furnaces has been attended with an in- 
creased generation of steam, as well as with a saving of fuel. A great 
economy, both in fhel and in wages, would be accomplished if marine 
boilers were to be fired by machinery instead of by hand, and an important 
benefit to steam navigation would be achieved by the practical introduction 
of this improvement 

Hie expedients of economy here enumerated will certainly be productive 
of important results if effectually carried into practice, yet we should not 
be disposed to trust implicitly to these or any other recipes, but would seek 
to enlist the interests of the engineer and captain in the success of any 
projected scheme of economv. We therefore recommend to more general 
adoption the system of givmg the captain and engineer a share in the 
savings of coal that they accomplish; and we should further give the 
engineer a share of any savings in the consumption of oil, tallow, or other 
stores, that he can effect We include the captain in the tLwturd of the 
savings of fhel, because by his exertions the saving may be materially in- 
creased ; for the engineer's exertions may be in a great measure defeated, 
if the captain neglects to hoist sail, or pursues zig-zag courses. It would 
be still preferable, however, for steam companies, if they could contract 
for the muntenance of the propelling power with some responsible party, 
who would make the development of all measures of increased efficiency 
and economy a business, and would thus be more likely to work them 
effectually out and who could make the necessary bargains with captains and 
engineers. We believe that companies would derive a similar benefit from 
this arrangement to that experienced by the government when it let out 
by contract the conveyance of the mails. The expense of every steam 
vessel running would thus be a determinate thing, and the company would 
be able to give its exclusive attention to what is after all its legitimate 
ftmction, — that of increasing its profits, and improving its commercial 
position. The appetite for power and patronage prevailing among the 
managers of companies may defeat, in some cases, such an innovation ; but 
we believe that it will eventually become a general arrangement and one 
that will be found beneficial to both of the contracting parties. In the case 
of railway locomotion it is already extensively practised, and is found to 
be attended with satisfactory results. 

Management of Locomotives. 

The most important part of the engine-driver's duty is, the observance 
of signab, respecting which no ^nend rules can be given, as the systems 
of signals vary upon different railways ; but a strict attention to the signals 
ffxed upon, and a constant watchfulness to see that the rail is free fh)m 
obstruction, constitute the most important part of the duty the engine- 



driver has to perform. He should constantly be upon the foot-board of 
Uie engine, so that the regulator, the whistle, or the reversing handle may 
be used instantly, if necessary. At the same time he must see that the 
level of the water in the boiler is duly maintained, and that the steam is 
kept at a uniform pressure. In t^eeding the boilers with water, and the 
ftunoacea with fhel, a good deal of care and some tact are necessary, as 
irregularity in the production of steam will often occasion priming, even 
though the water be maintained at a uniform level ; and an excess of water 
will of itself occasion priming, while a deficiency is a source of obvious 
danger. The engine is generally furnished with three gauge-cocks, and 
water should always come out of the second gauge-cock, and steam out of 
the top one, when the engine is running ; but when the engine is at rest 
the water in the boiler is rather lower ttian when it b in motion ; so that 
when the engine is at rest the water will be high enough if it just reaches 
to the middle gauge-cock. The boiler should be well filled with water on 
s^proaching a station ; as there is then steam to spare, and additional water 
cannot be conveniently supplied when the engine is stationary. The fhr- 
nace should be fed with small quantities of &el at a time, and the feed 
should be turned off just before a fresh supply of fhel is introduced. The 
regulator may at the same time be partially closed, and if the blast-pipe be 
a variable one, it will be expedient to open it widely while the fuel is being 
introduced, to check the rush of air in through the furnace door, and then 
to contract it very much so soon as the furnace door is closed, in order 
sooner to recover the fire. The proper thickness of coke upon the grate 
depends upon the intensity of the draft ; but in heavily loaded engines it is 
usually kept up to the bottom of the fire door. Care, however, must be 
taken that the coke does not reach up to the bottom row of tubes, so as to 
choke them up. The fhel is usually disposed on the grate like a vault, and 
if the fire box be a square one, it is heaped high in ue comers, the better 
to maintain the combustion. In starting from a station, and also in 
ascending inclined planes, the feed water is generally shut off; and there-, 
fore, before stopping or ascending inclined planes, the boiler should be well 
filled up with water. In descending inclined planes, an extra supply of 
water may be introduced into the boiler, and the fire may be fed, as Uiere 
is at such times a superfluity of steam. In descending inclined planes, Uie 
regulator must be partly closed ; and it should be entirely dosed, if the 
plane be very steep. The same precaution should be observed in the case 
of sharp curves or rough places en the line, and in passing over points and 
crossings. To ascertain whether the pumps are acting well, the pet-cock 
must be turned, and if any of the valves stick, they wUl sometimes be in- 
duced to act again by working with the pet-cock open, or alternately open 
and shut Should the defect arise fh>m a leakage of steam into the pump, 
which prevents the pump fh>m drawing, opening the pet-cock remedies the 
evil, by permitting the steam to escape. Should priming occur, ftx>m the 
water in the boUer bein^ dirty, a portion of it may he blown out ; and 
should there be much boilmg down through the glass gauge tube, the top 
cock may be partially closed. The water should be wholly blown out of 
locomotive boilers three times a week ; and at those times two mud-holes, 
at opposite comers of the boiler, should be opened, and the boiler be 
washed internally by means of a hose. 

On approaching a station, the regulator should be gradually closed, and 
it should be completely shut at about half-a-mile from the station if the 
train be a heavy one, and the train may then be brought to rest by means 
of the breaks. Too much reliance, however, must not be put upon the 
breaks, as they sometimes give way, and in frosty weather are nearly 
inoperative. In cases of ur^ncy Uie steam may be thrown upon the 
reverse side of the piston, but it is desirable to obviate this necessity as far 
as possible. At terminal stations the steam should be shut off earlier than 
at roadside stations, as a collision will take place at terminal stations if the 
trun overshoots the place at which it ought to stop. There should always 
be a good supply of water when the engine stops, but the flre may be 
suffered gradually to burn low towards the conclusion of the journey. So 
soon as the engine stops, it should be wiped down and be tiien carefully 
examined. The brasses should be tried to see whether they are slack or 
have been heating ; and it should be ascertained occasionally whether the 
wheels are square on their axles, by the application of a gauge, and whether 
the axles have end play, which should be prevented. The stuffing-boxes 
must be tightened, the valve-gear examined, and the eccentrics he occa- 
sionally looked at to see that &ej have not shifted on the axle, though this 
defect will generally be intimated by the irregular beating of the engine ; 
the tubes should also be examined and cleaned out and the ashes emptied 
out of the smoke-box through the small ash-door. If the engine be a 
six-wheeled one, it will be liable to pitch and oscillate if too mudi weicht 
be thrown on the driving-wheels, and where such faults are found to exist 
the weight upon the driving-wheels should be diminished. The practice 
of blowing off the boiler by the steam, as is alwajrs done in marine boQers, 
should not be permitted, as a general rule, in locomotive boilers when the 
tubes are of brass and the fire-box of copper ; but where the tubes and fire- 
boxes are of iron, it may safely be done. Before starting on a journey, the 
enginerman should take a summary glance beneath the engine, but ought 
first to assure himself that no other engine is coming up at the time. The 
regulator, when the engine is standing, should be closed and locked, the 
eccentric-rods be fixed out of gear, and the tender break secured down ; 
the cocks of the oil vessels should at the same time be shut, but ihonld all 
be opened a short time before the train starts. 
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Most of the accidenti attended with lots of life upon railwaji have been 
occasioned by persona jomping on or off the trun whilst in motion, and 
many cases might be cited of engine driTers and stokers having been killed 
by fklling off the engine, — in some cases fh>m the coupling of the engine 
and tender suddenly giving way. The most frequent causes of collision 
are fogs and the absence of a uniformity of time at the different stations 
along the line, in consequence of their differenc-e of longitude. Collisions 
have sometimes occurred from carriages having been blown frxnn a siding 
npon the rails by a high wind ; and the slippery state of the rails or the 
fincture of a break, has in some cases caused collision at terminal stations. 
Collision has also taken place frx)m one togine having overtaken another 
in consequence of the imperfect condition of the first engine from a leaky 
tube or otherwise. MTheu a tube bursts, a wooden or iron plug must be 
driven into each end of it, and if the water or steam be rushing out so 
fiercely that the exact position of the imperfection cannot be discovered, it 
will be advisable to diminish the pressure by increasing the supply of feed 
water. Should the leak be so great that the level of the water in the 
boiler cannot be maintained, it will be expedient to drop the bars and 
onench the fire, so as to preserve the tubes and fire-box frx>m iigury. 
Should the wooden casing of the boiler catch fire, it ma^ be extinguished 
by throwing a few buckets of water upon it, or if the engine is at a station, 
it may be brought under the water crane. Should the piston rod or con- 
necting rod break, or the cutters &11 out or be clipped off, as sometimes 
happens to the piston cutter when the engine is suddenly reversed npon a 
heavy train, the parts should be disconnected if the connection cannot be 
restored, so as to enable one engine to work, and of course the valve of the 
ftnlty engine must be kept closed. If one engine has not power enough to 
enable the train to proceed with the blast pipe foil open, the engine may 
perhaps be able to take on a part of tiie carriages, or it may run on by 



itself to fetch assistance. The same coorse must be panned if any of the 
valve gearing becomes deranged and cannot be rectified npon the spot 

Before leaving a station &e engine driver should always assure himself 
that he has the requisite supply of coke and water, and should not trust to 
the attention of the stoker respecting such mailers. Besides the firing 
tools and rakes for clearing the tub^ he should have with hhn in the 
tender a small oil tank and a small tallow chest, a box of waste, some rope 
yam, gasket, canvass, and whitelead ; two small oil casks, an oil syringe, 
spanners, and one shifting key ; a chipping hammer, chipping chisels, and 
a file ; a coal hammer, some wooden and iron plugs, and an iron plug 
holder, a sheet-iron bucket, a screw jack, two crow Imu^ a chain, and some 
wooden wedges. The whole of these articles should be arranged in the 
tender in suitable places, so that the engine driver may know where to put 
his hand npon any article, and can see at a glance whether any of them is 
missing. A few spare bolts of different sizes should also be carried. To 
economise fuel in locomotives, a variable expansion gear is very desirable, 
which may be adjusted to the load, and the blast pipe must be worked with 
the least possible contraction. At stations the damper should be closed to 
prevent the dissipation of the heat Anthracite has been tried for locomo- 
tives instead of coke, but it crumbles down into a powder, and forms a 
compact mass upon the bars which prevents the admission of an adequate 
supply of air to the furnace. If the area of grate be enlarged, however, it 
appears probable that anthracite may be used if mixed witii coke. Upon 
some railways premiums are given to the engine drivers for economismg 
fheL The practice appears to us to be commendable enough, but it should 
be coupled with the publication of the consumption of the locomotives of 
different makers, as no amount of care on the part of the engine driver 
will suffice to correct the vices of an imperfect machine. 
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AcHiiXES iteamer, boQen of; 57, 58, 

Air, expansion of^ by heat, 25. 

Air leaks, how to detect, 204. 246. 

Air-pump croaa-head, table of sixes id, 136 1 rales 

respecting air-pump, 153; diameter ot, 153. 

S15 ; manne engines require larger propoftioDS. 

248 ; power requisite to work, 215. 848; rales 

fbr Tarious parts of^ 153 ; speed Ibr boring, 

815 ; yalves of^ 218 ; canyas Talves ibr, 174 ; 

slide Talyes for, 224 ; metallic packing Ibr, 918 ; 

indicator appli^ to, 248. 
Air-pomp passages, area of; 154. 215. 
Air-pump rod, table of sixes o^ 135| ndet Ibr 

strength, 153; materials for, 218. 
Air-pump side rods, table of sises d, 135; rales 

respecting, 153. 
Albion mills, engmes of^ 17 ; valve gearfaig ai, 19. 
American boiler with thin plates aiad hi^ pres- 
sure, 55, 56. 
American eng^ies, 189. 
Angle iron hoops, tables of cirenmfisreiieM tor 

fibcilitating construction of boilers, oatiidflb ll^S 

inside, 113. 
Anthracite, use of in locomotives, 851. 
Arago, Bl, futility of his claim on behalf of De 

Cans and Papin to the invention of the ileaiii- 

engine, 1, 2. 
Areas of circles, table of^ 84. 
Armstrong, R., sediment coUeetort bft €9| 70i 

78, 79, 80. 
Axle, cranked, of locomotives, 236, 

Babbifs lining metal for bushes, 888* 

Back links, 210. 

Balance valves. See Equilibrium Valvet* 

Ball valves of locomotives, 235. 

Baptista Porta, 2. 

Barometer, or vacuum guage, 170. 

Beale's rotatory en^e, 186. 

Beam of land engines, to find the vibntioii of end* 

studs, 209 ; depth of beam at centre, 155. 808, 

209 ; the total depth is equal to the diameter of 

the cylinder, 208 ; depth of beam at ends, 141. 

208; thickness of b^un, 155. 808; stods Ot, 

when of cast iron, 208; when of wroag^ iron, 

208. 
Bearings, management of, 246. 
Bearings, spheroidal, advantages oi; 280. 836. 850 ; 
Beighton (Henry), improvements introdnoed 

by, 7. 
Bell metal, 228. 
Black Eagle, direct-acdon engines ot, by BfiTi. 

Penn and Son, 181. 
Blasco, de Graray, 3. 

Blowing off, amount of heat lost ln« 88U 
Blow-off cocks, details of; 223, 
Blow-off pipes, 223. 
Blythe (Messrs.), piston by, 198. 
Boiler corrosion, 63. 93. 230. 
Boiler explosions, 83; inefBcaey of fbiiblie pings, 

83; advantage of hurgt steam ganger M, 198. 
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Boiler tnemstations, 83. 845. 

Boiler priming; 83. 234. 245. 850. 

Boilers, marine, should they be of iron or cop- 
]^? 83. 

Boilers, proportions and perfbrmances of various, 
81. 228. 229. 

Boilers, strength of; 88. 230 ; experiments of 
Franklin Institute on boiler plates, 82 ; weaken- 
ing ^ects of rivet holes, 83; weakening effect 
of over-heating, 83 ; rule for strength of boilers, 
230. 

Boilers, varieties of : Haystack, 9 ; York build- 
ing waterworks, 1750, 9 ; waggon, simplicity 
and efficiency oi; 46; proper dis^bution o{ 
heating sur&ce, 47; area of water level per 
horse power, 48; area of heating surface per 
horse power, 48. 228, 229 ; grate surfiuse per 
horse power, 229 ; square feet of heating sur- 
fiiee per square fbot of fire-grate, 229 ; heating 
snrfiice should be arranged to ftcilitate the 
escape of steam, 229 ; heating surikce, Boulton 
and Watt's, 52 — 54 ; tubular with upright 
tubes, 68, 69 ; Butterly, 54 ; French, 54 ; 
Cornish, 55. 70; tubular land, 55. 69 ; Ame- 
rican, 56 ; marine flue, 55, 56, 57, 58, 59, 
60, 61, 62. 64, 65. 73, 74, 75, 76, 77, 78 ; 
marine tubular, 63. 65, 66, 67, 68. 70, 71, 72 ; 
marine, double tier of Aunaces disadvan- 
tageous, 56; the plan saves length of firing 
space, but difficult to fire two tiers ^ec- 
tnally ; coals do not lead so well, or so well 
maintain the trim; steam fh>m lower fhr- 
naces condensed b^ striking on bottom of upper 
ashpits ; ashpits mconvemently shallow, 61 ; 
in coastmg vessels otject should be to get 
furnaces in width of ship, 71 ; long iVimaces 
difficult to fire at sea, 59 ; fire bars should have 
a considerable inclination, so as to keep the back 
end of the grate covered with fuel ; in ftunaces 
with two lengths of bars,tiie centre bearer should 
be double, and a space left between dead-plate 
and bars, 62 ; bridges, if brick, may be made 
with part above bars consisting of two or three 
large fire blocks, which may be lifted away 
to permit entrance into flues, and be replaced 
without expense of buildinff up, 62 ; haoging 
bridges, beneficial effects ci, 65 ; comparative 
sises of flue and tubular, 74, 75; details of, 228 
.—431 ; arrangements of plates b, 229 ; tubing 
and staying, 229 ; strength of; 82. 230 ; method 
of preventing corrosion, 63. 93. 230 ; setting, 
231 ; locomotive, 231. 

Bolts, proportions of^ 226. 

Boring cylinders and air-pumps, 215. 

Borrie*s rotatory engine, 186. 

Boulton and Watt, revolving grate by, at Bank of 
England, 52; furnace at victualling-yard, 
Deptford, 52. 54; direct-action engines of 
Centanr by, 180. 

Bourne's double-power engines, 178.; expansive 
valves, 201. 

Bragansa steamer, boilen ol^ 67. 



Branca (Giovanni), 3. 

Brass, yellow, tough fbr engine work, 888 ; te 

heavy bearings, 228. 
Brasing solders, 228. 
Brine, boiling points of; 881, 
Brine pumps, 83, 221. 
British Queen steamer, boilera of^ 64, 65 
Brunton's revolving grate, 50. 
Buckle's pneumatic equaliser, 163. 
Bury, Curtis, and Kennedy, boilers b^, 67. 7St 

74, 75 ; direct-action engines of Nimitid by, 

181 ; locomotive engines by, 191 ; locomot i va 

piston by, 195. 
Butterly boiler, 54. 
Butts of cioss-tail, rule fbr proportioning, 158. 

Caird and Company, land boiler by, 55, marine 
flue boilers by, 56, 57, 58, 59, 60 ; pistons by, 
198 ; marine engines by, 175 ; land engine by, 
208. 

Cartwrighf s (Edmund) rotative engine, 1797, 15 1 
cond^sation by external oold, 15, 16 ; piston, 
15. 

Case hardening, 227, 828. 

Cast iron, stren^ of, 25. 27 ; table of strength* 
of different kmds by Mr. Fairbaim, 86 ; mle 
for brei^ing weight of rectangular bars, 26; 
strei^l^h of various mixtures o( 227 ; strength 
ot, affected by mode of casting, 887, 

Cut steel, cohesive strength of; 27. 

Castings, how to make fine, 227. 

Cataract early Cornish, 9; modem eatanet^ 
varieties of, 169. 

Cement, Roman, uses of, 227 ; Coppersmiths, com- 
position of; 227 ; rust, 227 ; mastic fbr seCting 
boilers, 230. 

(^taur, engines of^ by Bonlton and Watt, 
180. 

Central forces, 32. 

Centre of gravity, 31. 

Centre of gyration, 38. 

Centre of oscillation, 34. 

(^ntres, main, strength of, 107. 133. 158. 811, 
212 ; other centres, strength of; 133. 208 ; to 
find distance firom main centre to centre of 
cylinder, when length of beam is given ; or, to 
fiind length of beui, where distance between 
main centre and centre of cylinder is given, 
209 ; how to find, in erecting engines, 885. 

(^ntrifugal force, 32. 

Centripetal force, 32. 

Chanter's (John), smoke-burning fbmace, 501 

Chimneys, ascent of smoke in, 44 ; rule fbr Aid- 
ing area of; 45. 108, 109 ; of locomotives, 833 ; 
of steam vessel what to do if carried away, 
249. 

City of London steamer, boilers of; 65 ; engine 
oi, 176. 

Clegg, rotatory engine of; 183. 

Clodiing boilers and cylinden^ saving of fbd 
firom, 81. 250. 
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Coal, efficiency ot, with yarioiui degrees of 
expansion, 81. 

Coal, chemical composition of, 36. 

Coal, relative efficacy of different kinds, 7, 82. 

Cocks, proportions of, 223. 

Cog wheels, 213. 

Coke (is of about the same heating power as coal), 
water evaporated by, 81. 

Cold-water pomp, content of, 143. 155. 215. 

Collecting vessels for sediment in boilers, 69 ; 
owe their efficacy to the tranquil state of the 
water within them, when the water outside is 
agitated ; from a collecting vessel within a 
boiler, the deposition may be blown out, 69, 70. 
78, 79, 80; applicability of to locomotives, 
242. 

Collision of bodies, 31. 

Collision of steam vessels, 249. 

Combustion referable to energetic chemical com- 
bination, constituents of coal, smoke, flame, 
effect of re^geration in checking combustion, 
36 ; spontaneous, of cotton waste, 249. 

Comparative dimensions of flue and tabular mar 

' rine boilers, 74, 75. 

Composition and resolution of forces, 30. 

Condensation by external cold, by Watt, 10 ; by 
Cartwright, 16. 

Condenser usually made of the same capacity as 
the air-pump, but the larger the better ; advan- 
tage oif high condenser to enable air-pump to 
drain it, 218 ; disadvantage of putting the main 
centre through condenser, 218. 

jCondensing and high-pressure engines, difference 

.' between, 173. 

Conical pendulum or governor, 34. See Grovemor. 

Connecting-rod, table of sizes of (malleable iron), 
131 ; rule for strength (cast iron), 152 ; forma- 
tion of, 219 ; to find length of, 225 ; of loco- 

. motives, 236. 

Copper, cohesive, strength of, 27. 82 ; fitults of 
copper boilers, 83. 

Corde's rotatory engine, 188. 

Cornish l^iler less effectual than marine boiler 
with same amount of snr&ce, 54 ; Cornish 
boilers at Blackwall Railway, 5S ; at Cubitt's 
fjEUitory, 70 ; performance of Cornish boilers, 81. 

Cornish engine, causes of the economy of, 81 ; 
structure of, 173, 174 ; particulars of perform- 
ance of, 206 ; cylinder cover o^ with lantern 
brass, 216. 

Corrosion of boilers, 84. 93. 230. 

Counter, 172. 

Cover on slide-valye required to produce a given 
expansion, 90. 

Crank, application of, to steam engines suggested 
by Stewart, 14 ; by Watt, 14 ; patented by Mr. 

. Pickard, of Birmingham, 14; theory of^ 121 — 
124 ; supposed loss of power from use df, erro- 
neous, 122 ; tables of strength of malleable iron 
cranks, 125, 126, 127 ; tables of strengths of 
cast-iron cranks, 144, 145 ; rules for strengths 
of malleable iron cranks, 150. 152 ;• rules for 
strengths of cast-iron cranks, 156, 157 ; details 
of malleable iron cranks, 219. 

Crank-pin, rule for strength of malleable iron, 
151 ; strength of cast iron, 211; details of mal- 
leable iron, and method of preventing heaUng, 
219 ; plan to be pursued if fractured in steam 
vessels, 249. 

Cranked axle of locomotives, 236. 

Cross-head, table of sixes o^ 130 ; role for strength 
of, 151 ; details of; 219. 

Cross-tail, 219. 

Cyclops, direct action engines of^ by Messrs. Sea^ 
waM and Co., 180. 

Cylinder cover, pn^rtions of gland in, 216 ; of 
Cornish engine, with lantern brass filled with 
steam, 216 ; stuffing-box of oscillating engine, 
216. 

Cylinder ports. See Steam Ports. 

Cylinders, thickness of metal of; 215 ; composition 
of metal of, 227 ; speed proper for bonag-tod 
in boring, 215 ; pistons should be ground into, 
216 ; method of repairing flaws in, 217 ; of lo- 
comotives, 234. 



Dampers of locomotives, 233. 

De Caus, Solomon, 2. 

Dee steamer, boilers of, 61, 62. 

Delasme's smoke-burning furnace, 49. 

Der Prussicke Adler steamer, boilers of, 74. 

Dimensions. See Tables and Rules. 

Direct-action engines, represented on folio plate, 
179 ; applied to screw, 224. 

Dircks and Nelson, locomotive piston by, 194. 

Discharge valve-passages, 139. 154. 215. 

Dome, steam of locomotives, 233. 

Don Juan steamer, boilers of, 58 ; piston of, 197. 

Double-acting engine. See Rotative Engine. 

Double cylinder engines, Homblower*s, 13; 
Woolf *s, 173. 175 ; Sims', of Redruth, 205. 

Draught of furnaces must have relation to the 
thickness of the fire, 80 ; question of draft vir- 
tually that of area of fire-grate, 80. 

Dredging-machine, specification of, 175 ; remarks 
upon, 178. 

Dundonald (Earl of), rotatory engine by, 186. 

Duty of Cornish engines in 1815 and 1843, 171 ; 
rule for computing duty fh>m consumption per 
horse power per hour, 214. 

Eagle steamer, boilers of, 59, 60. 

East London waterworks, performances of 
boilers at, 81. 

Eccentric invented by Mr. Murdoch, 21 ; details 
of, 219, 220; catches for, 221 ; of locomotives, 
237. 

Eccentric hoop, table of dimensions of; 136. 

Eccentric rod, table of dimensions of, 136 ; ex- 
amples of eccentric rods, 213. 220; bush for 
notch of, 220 ; of locomotives, 237. 

Echdr, direct-action engines of; by Messrs. Miller 
and Ravenhill, 180. 

Economy of fuel, how to realise in steam vessels, 
249. 

Effective heating surface. See Heating Sur- 
fiuse. ^ 

Engine room of steam vessels, order to be ob- 
served in, 249. 

Engineer, duties o^ on board steam yessels, 245. 

Ei^ines. See Steam Engines. 

Equilibrium valve, nature of, 173 ; valves, par- 
tially on equilibrium principle, for pumps, 
174. 

Erection of engines in workshop, 225 ; on board 
ship, 226. 

Evans's smoke-burning furnace, 50. 

Evaporation of water m various boilers by a cwt 
of coal, 81 ; square feet of heating suiface per 
cubic foot of water' evaponUed per hour in 
various boilers, 81. 

Eve's rotatory engine, 185. 

Expansion of air by heat, table of, 25. 

Expansion, general explanation of the principle of, 
12 ; advantage of; in steam engines, 73 ; effects 
of different degrees of; m different engines, 81 ; 
produced by lap upon the slide valve, and 
computation of the lap requisite for various 
degrees of, 89 ; computation of the gain of 
power produced by, 94 ; analysis of the action 
and effect, 118, 119 ; practical rule for deter- 
mining the increase d efficiency arising from, 
120 ; variable in locomotives, 238 ; in steam 
vessels, 249. 

Expansion gear, double beat or equilibrium 
spindle . vidves, 200 ; expansion gear of West 
India mail steamers, 200 ; of Berenice, 200 ; 
Gonxenbach's, 200; Cabrey's, 200; Teuton's, 
200 ; Mayer's, 200 ; American, 201 ; of Don 
Juan, 201 ; Whitelaw's, 201 ; Bourne's, 201. 

Expedients for regulating velocity, 162. 

Explosions of boilers, 83 ; arise chiefly from un- 
due pressure of the steam or overheating of 
the plates; plates overheat either from the 
boUer being short of water, or from the im- 
proper configuration of the parts, which retain 
steam that prevents the access of water; bot- 
toms of lai^ flues overheat in this way when 
the flame beats down, and collapse upwards, 
83 ; prevention of, when safety-valve adheres, 
246. 



Fairbaim, rotative engine by, 175 ; direct action 
engines of Odin by, 180. 

Falling bodies, laws of, 29, 30. 

Fawcett and Preston (Messrs.), direct-action en- 
gines of Queen by, 181 ; piston by, 196. 

Feed apparatus for land boilers, 198 ; for marine 
engines, 221 ; for locomotives, 235. 

Feed, self-acting, for marine boilers, 222 ; feeding 
engine by Messrs. Penn, 222. 

Feed-pipe, table of diameters, 139 ; rules for, 
154. 

Feed-pump, capacity of; 142. 155. 215 ; water 
requisite for feed, 215 ; details of, 221 ; hand 
fe^-pump, 222. 

Fire in steam vessels, modes of extinguishing^ 
245. 

Fire-bars, should have a considerable inclination, 
62 ; should not be bound at ends, to leave room 
for expansion, 62 ; of locomotives, 232 ; of 
marine boilers, 245. 

Fire-grate, area of, per horse power, in boilers of 
Great Western, 64. 80 ; coal burned on a square 
foot of fire-grate in various boilers, 81 ; to find 
area of, 107. 229. 

Fires, cleaning of, 246. 

Firing, directions for, 245. 

Flame, nature of, 36. 

Flame bridges, 231. 

Float, for regulation of feed in land boilers, 198 ; 
in marine boilers, 222. 

Flues, to find area in smallest part, 108. 

Fly-wheel, application of, to the steam engine by 
Mr. Watt, 14 ; with a sun and planet whed 
instead of a crank, a fly-wheel of one-fourth of 
the weight suffices, 17 ; principle of action o^ 
165 ; table of diameters of fly-wheels, 147 ; table 
of sectional area of fly-wheel rims, 148, 149 ; 
cast-iron fly-wheel shafts, 105. 157. 212 ; de- 
tails of fly-wheel, 212 ; rule for finding the 
proper quantity of cast-iron in fly-wheel rims, 
212. 

Foot and discharge valve passa^^es, 139. 154. 215. 

Forces, composition and resolution of, 30. 

Forrester and Co. (Messrs.), locomotive piston by, 
194 ; direct-action engines of Helen Macgregor 
by, 180. 

Forth steamer, boilers ot, 73. 

Framing of engines, 218 ; of locomotives, 233. 

Franklin Institute, experiments on boiler explo- 
sions by, 82. 

Franklin's smoke-burning furnace, 49. 

French boiler, 54. 

Fuel, economy of; in steam vessels, 73. 249, 250 ; 
efficiency <^, in various engines, with different 
degrees of expansion, 81 ; evaporative powers 
of different kinds of, 82. 

Funnel, area of, 108 ; thickness of plates for, 230 ; 
mode of securing, 230 ; height of; 230 ; sub- 
stitutes for, when carried away, 249. 

Furnaces, mouths of, cast-iron in marine boilers^ 
radiate an inconvenient quantity of heat, 67. 

Furnaces, smoke-burning, 49 — 53. See Smoke 
Burning. 

Fusible plugs, inutility ot, 83. 234. 

Galloway, engine by, 179 ; contrivance for mol- 
tiplying velocity, 179. 

Gauge e<^ks, 170. 223. 

Gauges, water, 170; of locomotives, 235, SS6; 
steam, 170 ; salt, 170. 245 ; vacuum, 170. 

Girdwood and Co., boilers by, 58; piston by, 
196. 

Glass tube-gauges, 170. 

Godson's smoke-burning fomace, 51. 

Governor, general explanation of; 18 ; action ai, 
explicable on the principle of the pendulum, 
34 ; motion of conical pendulum may be stq>- 
posed ' to be compounded of motions of two 
common pendulums vibrating at right angles, 
and one revolution of conicid pendulum per- 
formed in the same time as two vibrations of a 
common pendulum, of which the length b 
equal to the vertical height of the point of sns* 
pension above the plane of revolution of the 
balls. All conical pendolums of the saitie ter- 



tieal height will revolve fn the lame time, what" 
ever he the diameter of the circle in which the 
hails revolve ; and if the engine be quickened, 
the halls will expand and diminish the vertical 
height ontil it eqtials the length of a pendnlom 
that will perform two vihrationi for every 
revolation of the governor. The weight of the 
halls does not affect the question, as every 
particle acts for itself, 34, 35 ; investigation 
. of the action of governors, 167, 168 ; practi- 
cal mle for determining the position of balls, 

168 i varieties of governors, 169 ; details o^ 
214. 

Grate. See Fire-grate. 
Great Western steamer, boilers of^ 62, 63, 64. 
Gudgeons, rule for strength of, 211, 212. 
Guides for piston rod, superiority o^ to parallel 

motion, 211 ; of locomotives, 235. 
Guppy (Mr.), boilers of Great Western by, 63. 

Hall's condensers, inutility of^ 64. 

Harvey and West's valves for pumping-engines, 
174. 

Hawthorne's valve motion, 238; 

Heat, nature of, 35 ; latent, sensible, specific, 85. 

Heating sur&ce of boilers, area o^ per horse 
power, 48 i in boilers of Great Western, 64. 80 ; 
heating surface per cubic foot, of water eva- 
porated per hour in various boilers, 81 ; heat- 
mg surface per 8(^aare foot of grate in various 
boilers, 81; effective heating surfiu^e, to find 
area of, 229. 

Helen Macgregor, direct action engines o^ by 
Messrs. Forrester and Ca, 180. 

Her Majesty steamer, boilers of^ 91, 92. 

Hero of Alexandria, 2. 

ffick (Mr.), vane-governor for steam-engines by, 

169 ; double-cylinder en^es by, 175. 
]ffigh-pressure and condensing engines, difference 

between, 173. 

History of the steam engine, five epochs in : 1st, 
from time of ancients to application of the 
boiler; 2nd, use of a vacuum; 3rd, application 
of the cylinder ; 4th, condensation by injection ; 
5th, improvements of Watt, 1—23. Hero of 
Alexandria : pneumatic mechanisms described 
in his Spiritalia; .£olipile similar to Avery's 
engine, 2. Baptista PorUi : treatise on pneup 
matics ; description of a method of emptying a 
vessel of water by steam; solar fountain, 2. 
Giovanni Branca : engine formed like a water- 
wheel, the steam spouting against the floats ; 
similar to the engines of Corde and Pilbrow, 
3. 188, 189. Blasco de (jaray : trial of his 
steam vessel in 1543, before Charles V. of Spun. 
Marquis of Worcester : in "Century of Inven- 
tions" describes the first steam engine for raising 
water ; one of these engines, set up at Vaux- 
hall, and seen there by Cosmo de Medici in 
1653, operated more emcientiy than the horse 
engines, 3. Captain Thomas Savery; work 
called the Miner's Friend, published in 1702, 
describing his engine, which had been patented 
in 1698; extract from the Miner's Friend; 
great merits of Savery as an inventor ; probably 
re-invented the Marquis of Worcester's engine. 
Otto Guericke, 5. Denys Papin : proposed to pro- 
duce the vacuum for Guericke's piston and cylin- 
der arrangement by means of steam ; abandoned 
his plan in fiivour of Savery's ; a man of much in- 
genuity, but unable to work his inventions out, 
C. Thomas Newcomen: introduced the first 
cylinder engine, with the view of dispensing 
with high-pressure steam ; accidental discovery 
of the me^od of condenmng by iigection, 6, 7. 
Humphrey Potter ; first worked the valve by 
the engine, 7. Henry Beighton: improvements 
mtroduced by, 7. Leupold, description of high- 
pressure engine by, in TTteatrum Machinarum, 
7. Brindley, introduction by, of fioat in boiler 
to regidate tiie feed, 7. Improvements by Smea- 
ton {see Smeaton). Improvements by Watt 
(see Watt). 

Holding-down bolts, 226. 

Hoops, lengths of iron suitable for, 112, 113. 
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Homblower (Jonathan), double-cylinder engine, 

13 ; rotatory engine, 188. 
Horse-power, table of nominal, 96, 97 ; mle for 

computing nominal, 107 ; table of, 214^ actual 

horse power, how to ascertain by indicator, 

247. 
Horton and Sons, boilers by, 70. 72. 
Hosking (Mr.), engine at Vauxhall waterworks 

by, 173. 
Hyperbolic logarithms, table o^ 25, 

Incrustation of boilers, 83. 145* 

Indicator, purpose of, 170; structure of^ 171 ; me- 
thod of using, 171 ; continuous indicator, 171 ;' 
how to ascertain horse power by, 247 ; applied 
to air-pump, 247, 248. 

Infernal steamer (now Eclair), boilers o( 71, 
72. 

Injection, accidental discovery of method of con- 
densing by ii^ection, 6, 7 ; water requisite for 
injection, 215 ; area of injection orifice, 215 ; 
area of injection pipe, 139. 154 ; content of cold- 
water pump to lift water for injection, 155. 215 ; 
injection flrom bilge, 218. 

Injection cocks, details of, 228. 

Injection pipes, 223. 

Iron, cast, strength of, 25, 26, 27. 227. 

Iron, malleable, strength of, 25. 27. 105. 226. 

Ivison's smoke-burning ^>paratus, 50. 

Jacket for cylinder, advantage from use ot 173. 

Jeffrey's smoke-burning furnace, 50. 

Joints, pasteboard, how to make, 203. 205 ; putty 
for soft joints, 204 ; rust joints, olgections to, 
on sole-plate, 218 ; how to make, 227 ; joints 
with wire gauze and red lead, 227. 

Juckes' (John), smoke-burning furnace, 50. 

Kingston's valve, 223. 

Lantern brass stufling-boxes, 173. 

Lap on slide valve required to produce a given 
expansion, 90. 226. 

Latent heat, 35. 

Leupold, description of high-pressure engine by, 
7. 

Links, back, sectional area o( 200. 

Links, main, sectional area ot, 209. 

Locomotive engines, dimensions of parts of^ 114, 
115 ; rules for proportioning, 158 — 160 ; struc- 
ture o^ 191, 192 ; details <^ 231 ; general fea- 
tures of boiler, 231 ; fire-box, 232 ; fire-grate, 
232 ; ash-box, 232 ; tubes, smoke-box, chimney, 
dampers, wire-bonnet, cinder plate, 283 ; firam- 
ing, steam dome, steam pipes, 233 ; regulator, 
safety valves, fusible plugs, lead plug in fhmace 
crown, cylinders, 234 ; valves, piston rods, 
piston gmdes, feed apparatus, ball valves, water 
gauges, 235 ; wheels, merits of four and six- 
wheeled engines, new arrangements of engines 
and tender, cranked axle, connecting rod, 236 ; 
eccentrics, eccentric rod, valve motions, Pau- 
wel's valve motion, Stephenson's link motion, 
Melling's motion. Hawthorn's, variable expan- 
sion gear, 237, 238 ; how to set the valves of 
locomotives, 239, 240; traction on railways, 
friction, resistance of atmosphere, adhesion of 
wheels, weight and cost of locomotives, 241 ; 
dimensions of locomotives, economy of fuel, 
prevention of scale, 242. 

Logarithms, hyperbolic, table o^ 25. 

Lodi's smoke-burning furnace, 49. 

Main beam of land engines, table of depth of, at 
centre, when the pressure is below that of the 
atmosphere, 140 ; when above that, 209 ; depth 
of beam at ends, 14 L 208, 209 ; vibration of 
end-studs, 209. 

Main centre, 107 ; taUe of sixes o( 133 ; rules for, 
152. 211. 212. 

Miun links, 209. 

Management of engines: of pumping engines, 
203 ; of rotative and marine engines, chief 
duty of steam boat eng^eer, method of pre- 
venting the formation Si scale in IxHlers, how 
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to make a salt gauge, firing, fin-bars, whatio 
do when short of steam, throttle valve, priming, 
245 ; what to do if water gets low in boiler 
what to do if safety valve adheres to its seal, 
cleaning of fires, management of bearings, how 
to detect air leaks, 246 ; how to ascertain power 
of en^es by indicator, indicator appbed to 
the air-pump, 247, 248 ; what to do if vessel 
springs a leak, 248 ; what to do in case of fire, 
spontaneous combustion of cotton waste, what 
to do in cases of dangerous collision, irhat to 
do if funnel is carried away, if crank pin breaks, 
if valve gear is deranged, jl cranks or shafts or 
side levers crack, order to be observed in engine 
room, arrangement of spare gear, arrangement 
of spanners, oil-cans, and lamps, engineer's 
store closet, oil tank and tallow chest, stores, 
249 ; economy of friel, how to work steam 
vessels with economy, 249, 250 ; of locomotive 
engines, observance of signals, maintenance of 
water level, keeping steam at oniform pressure, 
use of pet cock in feed pump, priming, proce- 
dure on approaching a station, trying if wheels 
are fair on axles, advantage of spheroidal 
bearings, danger of blowing-off by pressure of 
steam with copper fire-box, 250; causes of 
railway collisions, procedure when a tube 
bursts, when deransement of various parts of 
engine occurs, furniture of tender, use of an- 
thracite in locomotives, 251. 

M anu fa cture of engines, best situation for an 
engine factory, provincial fectories should be 
represented in the metropolis, how to make 
manufacture profitable, general description of a 
well arranged factory, 243 ; plan on which Uie 
work should be conducted, participation in the 
profits by the workmen employed, 244. 

Marine engines; dimensions of Maudday and 
Field's, 111 ; of Messrs. Seaward and Co.'s, 
111 ; formulsB for various dimensions, 106, 107 ; 
rules for dimensions, (Me Rules) ; peculiar fea- 
tures of, 175; details of^ 215—231; manage- 
ment of^ 245->-250. 

Marquis of Worcester describes in his ** Century 
of Inventions" the fint steam engine, 3 ; one 
of his engines seen at work by Cosmo de Me- 
dici, 3. 

Matter, definitions and properties of^ 27. 

Maudslay, Sons, and Field, boilers at BUckwall 
Railway by, 55 ; marine boilers by, 60, 61, 62, 
63. 76, 77, 78 ; dimensions of principal parts of 
their marine engines, HI; rotative land engine 
by, 174 ; direct-action engines of Retribution 
by, 180 ; piston by, 198 ; piston valve by, 198. 

Maxton (Messrs.), pistons by, 193. 196. 

Medway, steamer, boilers o^ 60, 61 ; piston 0t, 
198. 

Melling's valve motion, 238. 

Miller, Ravenhill, and Co., boilers by, 66. 71, 72 ; 
piston by, 197 ; direct-action engmes of Eclair 
by, 18a 

Millions of pounds raised one foot high. See 
Duty. 

Motion^ laws of, 27, 28, 29, 30 ; of elastic £uids, 
43 ; of steam in an engine, 44. 

Moult's smoke-burning nirnace, 49. 

Muntz's metal, 228. 

Murdoch, valve gearing by, 19; merits oL 
22. 

Murray's contrivance for adnutting air to fur- 
naces, 49. 

Napier (David), boiler by, 67 ; direct-action en- 
gines of Fawn by, 180. 
Napier (Robert), lx>iler by, 64, 65 ; engines by 

175 ; pistons by, 197. 
Nasmyth (Messrs.), and Ca, locomotive piston 

by, 195. 
Newcomen (Thomas), merits of engine by, 6 ; 

accidental discovery of the condensation br 

jet, 7. 
Nimrod, direct-action engines o^ by Messrs. 

Bury, Curtis, and Kennedy, 181. 
Nominal horse-power tables oS, 96, 97 214 ; mle 

for, 107, 
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« Ooeaa tteamer, iMQen o( 78. 
Odin, direct-action engines of^ bj Meisn. Fair- 
bairn and Go, 180. 
'Oil caps, self-feeding, 226. 
Oscillating engine, adTantages of^ 181, 182; 
cylinder staffing-box of; 216; Talve gear of^ 
224 ; tronnions of, 224 ; details of; 224. 
Otto Ghiericke's, cylhider and piston for showing 
the pressure of the atmosphere, 5. 

■ Paddle-shafts malleable iron, tables of dimensions 
of; 128, 129 ; how to find position of centre 
of; 225. 

Paddle-wheels, 177; details of; 219 ; methods of 
disengaging, 220. 

Pamboar, experiments on evaporation in locomo- 
tiTe boilers by, 81. 

Papin (Denys) proposed to use Guericke's cylinder 
and piston, bat abandoned his plan in fiivoar of 
Sayery's, 6; a man of mncb ingenuity, bat 
incapable of patting his conceptions mto a 
practical form, 6; smoke-boming fbmaoe 
by, 49. 

Panllel motion, general explanation of; 17, 18 ; 
investigation of the proper proportions of the 
parts o(t 95. 98, 99; practical rales for de- 
termining the lengths of the parts of, 100; 
table of strengths of parts of; 136 ; examples 
of; 210 ; inferiority of; to gaides, 211 ; varieties 
of, 215; Whitens, 215 ; how to set, 210. 225 ; 
motion shaft, how to find centre of^ 225 ; lengths 
of rods of; 225. 

Parkes (Josiah), experiments on boilers by, 81 ; 
blanders in his investigation respecting loco- 
motives, 82. 

Paawel's valve motion, 237. 

Pendnlams, action of, 33 ; conical or governor, 34. 

Penn, direct-action engines of Black Eagle by, 
181 ; merits of his oscillating engine, 181, 182 ; 
piston by, 198. 216. 

Performances of boilers, 81 ; of Cornish engines, 
206. 

PhcBnix steam vessel, boilers of, 56, 57. 

Pickard (Mr.), of Birmingham, patent for crank 
by, 14. 

Pilbrow's rotatory engine, 188, 189. 

Pipes: steam, 84, 85. 93. 138. 154. 223 ; injection* 
223 ; blow-off; 223 ; method of attaching pipes 
to iron ships, 223 ; steam pipes of locomotives, 
233. 

Piston, speed of; 128 times the cabe root of the 
stroke, 107. 214 ; table of speeds of; at different 
powers, 214. 

Piston-rod, table of sizes of, 130 ; rale for strength 
of; 151. 209 ; should be of steel, 227 ; method 
of fixing into cross-head, 216 ; locomotive pis- 
ton-rods and guides, 235. 

Pistons: Cartwright's metallic, 15; Maxton's, 
193. 196 ; Forrester's locomotive, 194 ; Dircks 
and Nelson's, 194 ; Bury, Curtis, and Kennedy's, 
195 ; Robert Stephenson and Co.*s, 195 ; Liver- 
pool and Manchester Railway, 195; Great 
Western Railway, 195 ; South Western Rail- 
way, 195 ; Glasgow and Ayr Railway, 195 ; 
Kasmyth and Co.'s,.195 ; Girdwood and Co.'s, 
196, 197; Fawcett and Preston's, 196; R. 
Napier's, 197 ; Seaward's, 197 ; Miller, Ravenhill, 
and Co.'s, 197; Maudslay, Sons, and Field's, 198 ; 
Scott, Sinclair, andCo.'s, 198 ; Caird and Co.'s, 
198 ; BIyUie's, 198 ; Fairbaim's, 198 ; Penn's, 
198. 216. 

Pistons, how to pack, 203. 

Plugs, fusible, 83. 234. 

Ports of cylinder, table of area of; 187 ; role for, 
154 ; locomotive ports, 158. 235. 241. 

Potter (Humphrey), 7. 

Power. See Horse Power. 

Power, expedients for ascertaining the, of an 
engine, 170, 171. 

Power, supposed loss of, firom crank and recipro- 
cation, erroneous, 122. 174. 

Pressure of steam at different temperatures, 23. 
See Steam. 

Prichard's contrivance for admitting air to fiir- 
naces, 49. 
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Primmg of boilers, 88. 234. 245. 250. 

Proportions of boilers, 81. 228, 229. 

Pump, cold-water, 143. 

Pump, feed, 142. 

Pump valves, 174. 

Pumping, or single-acting engines, 8. 10. 13. 
173, 174 : setting out the engine house, 
foundations, meth^ of building lever wall, 
spring beams, 202 ; erecting the engine, mak- 
ing the joints, packing the piston, management 
of the engine, 203, 204 ; management of the 
fire, 204 ; valve gearing of; at Chelsea water- 
works, 205; Sims' double cvlinder engine, 
205 ; valve gear of engine at V auxhall water- 
works, 205, 206 ; advantages of the plunger- 
pump, except for the lowest lift which is made 
by a lif^g-pump, so that the valves may 
not be inaccessible if the water accumulates 
in the mine, 206 ; great weight of pump-rods in 
Cornish engines, 206 ; performances of Cornish 
engines, 206. 

Putty fbr soft Joints, 204. 

Queen steamer, boilers of, by Messrs Rennie, 68 ; 
direct-action engines of; by Messrs. Fawcett, 
Preston and Company, 181. 

Reciprocation of engines, no loss of power firom, 

173, 174. 
Regulator, steam, of locomotives, 234. 
Rennie (Messrs.), boilers by, 68, 69 ; Cornish, 70 ; 

direct-action engines of Sampson, 180. 
Retribution steamer, boilers ot, 76, 77, 78 ; en- 
gines o^ 130. 
Revolving grate. Steel's, 50; Bmnton's, 50; 
Boulton and Watt's, 52, 53 ; applicalnlity of to 
marine boilers, 70. 
Rods of locomotive pistons, 235; connecting, 

237 ; eccentric, 237. 
Rotatory from reciprocating motion, projects for 

obtaining, 14. 
Rotative engine, 14, 15, 16, 17 ; by Maudslay 
and Field, 174; by Fairbaim, 175; by Caird, 
details of, 208 ; main beam anA centres, 208 ; 
piston-rod cross-head, 209 ; main links, 209 ; 
parallel motions, 210; connecting-rod, 211; 
fly-wheel, 212; fly-wheel shaft, and crank, 
213; eccentric rod, 213; governor, 214; ma- 
nagement of, 245. 
Rotatory steam engine, JEolipile of Hero, and 
Avery's engine, 2 ; Branca's steam wheel and 
Pilbrow's and Corde's steam wheels, 3. 188, 
189 ; Watt's, operating by a column of mercury, 
16 ; Watt's, operating by efflux of water, or 
steam turbine. 17 ; investigation of the action 
of rotatory engines, 123 ; rotatory engines by 
Homblower, 183; Clegg, 183 ; Turner, 184; 
Eve, 185, 186 ; Beale, 186 ; Dundonald ; 186 ; 
Borrie, 186 ; Woods, 187 ; Yule, 188, Corde, 
188 ; Pilbrow, 188, 189. 
Royal Consort, steam boilers of, 91, 92. 
Rules pertaining to proportion — 
Governor, to find the proper time of revolu- 
tion, 34 ; to determine position of the balls, 
34. 168. 
Steam, to find the elastic fbrce, the temperature 
being given, 39. 
to find the temperature, the elastic force 
being given, 40. 
Surcharged steam or gas, to find the volume at 
different temperatures, the pressure being 
constant, 42 ; computation of the economy 
firom the use of, 93, 94. 
Steam pipe, to find diameter of, 85. 154. 215. 

241. 
Foot and delivery valves, to find area through, 

215. 
Slide valve, to find how much lap must be given 
to produce a given expansion, and con- 
versely, 89. 
to find how much before the end of the stroke 
the exhaustion passage will be closed, 89. 
to find at what period of the stroke the steam 
escapes to the condenser, 89. 



PinDd^ motion, to find the prc^xmions of the 
various parts in various kinds of motions, 
100, 101. 
Fire-grate, to find area of, 107. 229. 
Hff'ective heating sur&ce, to find area of, 289. 
Floes, to find area of; in smallest part, 108. 
Chimney, to find area o^ 45. 108, 109. 
Water m boiler, to find the right quantity in 

cubic feet, 109. 
Area of water level, to find the right, in 

square feet, 109. 
Steam room, to find the proper, in cubic fiset, 

109. 
Air-pomp, diameter of, 153. 215 ; power requi- 
site to work, 215. 248 ; air-pump passages, 
154. 215 
The air-pump is made larger than one-eighth 
of the eKptudij of the cylinder in marine engines, 
oo aeooont of their irregularity of motion, 248. 
Sofisty-valves, 154. 198 ; the proportions given 
at 154. are rather small, except for hig^ 
pressures. 
Working-beams, to find the vibration of end 

studs, 209. 
Feed, water requisite for, 215. 
Feed pipe, to find the area of, 154. 
Feed pump, or hot- water pump, 154. 215. 
Injection, water requisite for, 215; area of 

orifice, 215 ; cold-water pump, 155. 215. 
Centres, to find the distance from main centre 

to centre of cylinder, 209. 
Hoops, to find the length of bar for forming, 
112. 
to find the length of angle iron for, with 

flange outside, 112. 
to find the length of angle iron for, with 
flange inside, 113. 
Steam ports of cylinder, area of, 77. 84, 85, 

154. 157. 241. 
Waste steam-pipe, to find the diameter of; 154, 

215. 
Foot and discharge valve passages, area of; 

154. 215. 
Waste water-pipe, to find the diameter of; 

154. 
Iiyectioo-pipe, to find the area of; 154. 
Cold-water pump, 155. 215. 
Rules pertaining to strengths — 
Manne engines, parts of crank, 150. 152. 
parts of paddle-shafts, 151. 
crank-pin, 151. 
cross-head, 151. 
piston-rod, 151. 

cross-head gibs and cutters, 151. 
piston-cutter, 152. 
connecting-rod, 152. 
cross-tail butts, 152. 
cross-tail butt straps, 152. 
eroas-tul butt gibs and cutters, 152. 
side-rods, 152. 
fide-rod straps, 152. 
side-rod cutters, 152. 
main centre, 152. 
side lever-studs, 152. 
side lever, 153. 
air-pump cross-head, 153. 
air-pump rod, when copper, or Munts's 

metal, 153. 
air-pump rod cutters, 153. 
air-pump side rods, 153. 
air-pump side rod straps and cutters, 158. 
Land engmes, depth of beam at centre, 208, 
209. 155. The proportions given by the 
rules at 155 are too light if the pressure 
be above the atmosphere, 
depth 9f beam at ends, 208, 209. 155. 
thickness of beam, 208. 155. 
diameter of end-studs when cast-iron, 808. 
diameter of gudgeons, 211, 212. 
diameter of end-studs when wrought-iroOf 

208. 
sectional area of piston-rod, 209. 
sectional area of main links, 209. 
sectional area of back links, 210. 
cast-iron cranks, 156, 157. 



seotioDal area of cast-iron connecting-rod, 

211. 
cast-iron crank-pins, 211. 
cast-iron fly-wheel shafts, 157. 212. 
fly-wheels, 158. 212. 
teeth of wheels, 213. 
Roles respecting locomotives — 
Ports, boiler, safety valve, chimney, fire-grate, 
158.241 ; heating siir£sice,water level, steam 
room, steam pipe, blast pipe, 159. 241 ; pis- 
ton rod, connecting rod, outside and inside 
bearings, crank axle, 160. 241. 
[We do not attach the same value to the rules 
for locomotives as to those for marine and land 
engines, as locomotives are more in a transition 
state ; and even while this work is passing through 
the press, some of the dimensions we have given 
are becoming antiquated, from the establishment 
of express trains and other circumstances]. 
Rust joints, how to make, 227. 

Safety-valves, theoretical investigation respecting, 
86, 87. 138. 154. 198. The sues given at 154 
are rather smaller than usual : the larger the 
safety-valves are, the less is the danger of ad- 
hesion. Lfocomotive safety-valves, 158. 198. 
234 ; French rule for dimensions of, 230 ; ad- 
hesion of, 246. 

Salt gauge, 170 ; how to make, 245. 

Sampson, direct-action engines of^ by Messrs. 
Rennie, 180. 

Samuda, bell-crank engine by, 179. 

Savery (Captain Thomas), engine by, for raising 
water, 4 ; great merits of, as an inventor, 5. 

Scale of boilers, 83 ; how to prevent formation 
of, 245. 

Scaling of boilers, 84. 

Scott, Sinclair, and Co., marine boilers by, 56, 57. 
61, 62. 66 ; direct-action engines by, 180 ; pis- 
tons by, 193. 

Screw-propeller, 178; engines for direct applica- 
tion to, 224. 

Seaward and Co., dimensions of marine engines 
by, HI ; direct-action engines of Cyclops by, 
180 ; piston by, 197. 

Sediment collectors, 69, 70. 78, 79, 80. See Col- 
lecting Vessels. 

Sensible heat, 35. 

Shafts, fly-wheel, of cast iron 157. 212 ; example 
of, 213. 

Sha^, paddle, table of dimensions of, 126—129 ; 
rules for, 151 ; details of, 219. 

Side levers, table of sizes of, 133, 134 ; details of, 219. 

Side rods, table of sizes of, 133 ; rules for, 152 ; 
details of, 219. 

Single acting, or pumping engine. See Pumping 
Engine. 

Slide-valve, 87 — 91 ; practical role for lap, &c, 
89 ; table of strength of gear, 136 ; three-ported, 
199 ; long D, 199 ; short D, 199 ; piston valve 
with skewed ports, 199 ; equilibrium slide by 
Rennie and Penn, 199, 200; faces, 217; ex- 
pansion slides. See Expansion Gear. 

Slide-valve, how to set, 225. 238. 

Smeaton, imperfect success of his first engine, 
and the candour of a great mind respecting it, 
7 ; experimental engine at Austhorpe, con- 
sumption of coal by, 7 ; relative efficacy of dif- 
ferent kinds of coal, 7 ; Long Benton and 
Chase Water engines, 8 ; various improvements 
in steam engines by Smeaton, 8 ; performance 
of his engines — haystack boiler, 8, 9. 

Smith's smoke-burning furnace, 51. 

Smoke, nature of, 36. 

Smoke box, 233. 

Smoke-burning, 37, 38. 

Smoke-burning furnaces : Papin's, Delasme's, 
Franklin's, Watt's, Thompson's, Murrav's, and 
Pritchard's contrivances for regulatmg the 
admission of air, Williams', Monlt's, IxMh's, 
Walker's, 49; Steel's, Brunton's, Stanley's, 
Jeffirey's, Evans', Ivison's, Chanter's, Juckes', 
50 ; Waddington's, Smith's, Godson's, 51 ; 
Boulton and Watt's at victoalling-yard and 
Bank of England, 52, 53. 
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Sole-plate and condenser, 218. 

Solway steamer, boilers of, 61, 62. 

Southern (Mr.), experiments on temperature and 
elastic force of steam, by, 38, 39. 

Spare gear, how to preserve, 226; arrangement 
of, 249. 

Specific heat, 35. ^ 

Speculum metal, 228. 

Spontaneous combustion, 249. 

Stanley's fire-feeder, 50. 

Starting-gear, varieties, of^ 221. 

Staying of boilers, 68. 83. 230, 231. 

Steam engine: Hero's, 2 ; Branca's, S ; De Garay's, 
3 ; Marquis of Worcester's, 3 ; Savery's 4, 5 ; 
Papin's, 6 ; Newcomen's, 6, 7 ; Beighton's, 7 ; 
Leupold's, 7 ; Smeaton's, 8 ; Watt's 10—22 ; 
Homblower's, 13; Thompson's, 15; Sherratt's, 
15 ; Cartwright's, 15 ; Albion mills rotative 
engine by Watt, 17 ; sector engine by Watt, 18 ; 
trunk engine by Watt, 18; locomotive engine 
by Watt, 18 ; losses by present steam engine, 
93 ; theory of (see Theory) ; varieties of, 173; 
condensing and high-pressure, 173 ; pumping, 
173; rotative, 174 ; marine, 175 ; rotatory, 182 ; 
American, 190 ; locomotive, 191 ; method of 
erecting in workshop, 225; on board-ship, 
226; details of, 202. 

Steam engines: management of pumping, 203; 
rotative and marine, 245 — 250; locomotive, 
250, 251. 

Steam engine, manufacture of, 243, 244. 

Steam engine, rotatory, 182. See Rotatory. 

Steam dome of locomotives, 233. 

Steam, expansion of. See Expansion. 

Steam, remedies for insufficiency of; 245. 

Steam guage, 170. 

Steam hammer by Watt, 18. 

Steam jacket, advantage firom use of^ 173. 
215. 

Steam pipes, area of, 84, 85 ; table of, 138. 154 ; 
best material for. 93: details o^ 223; steam 
pipes of locomotives, 233. 

Steam ports and passages, area of^ 77. 84, 85; table 
of area of, 137. 

Steam regulator of locomotives, 234. 

Steam room per horse power in boilers of Great 
Western, 64; to find Uie right quantity in 
cubic feet, 109. 

Steam surcharged, 42. 93. 

Steam, table of pressure o^ at different tempera- 
tores. 23 ; table of temperature of^ at different 
pressures, 23 ; formulsB for temperature and 
elastic force, 38 — 42 ; mechanical effect of^ 120. 

Steam vessels, economy in working, promoted by 
large power with small boilers, whereby in ad- 
verse winds and tides the full pressure may be 
used, and expansion to be used in fiEivourable 
winds or in cisdms, 73. 

Steamers on the Mississippi, 189. 

Steel, cohesive strength c^, 27 ; method of making, 
227 ; tempering of, 228 ; softening of, 228 ; re* 
covering, when burnt, 228. 

Steel's revolving grate, 50. 

Stephenson (R. and Co.), locomotive engines by, 
192; locomotive piston by, 195; link motion 
by, 238. 

Stevenson (Mr.), account of the steamers on Mis- 
sissippi, by, 189. 

Store closets and engine stores in steam vessels, 
249. 

Strains and strengths, 101 — 107. 

Strength: of materials, 25, 26, 27 ; of boilers, 82, 
83 ; rules for, 230 ; of parts of engines, 106, 
107 (see Tables and Rules) ; of cast iron. See 
Cast Iron. 

Studs of side lever, table of sizes o( 133 ; rules 
respecting, 153. 

Stuffing-box, proportions of, 216; with lantern 
brass, 173. 216; of oscillating engine, 216; 
with metallic packing, 216 ; with ri^eet brass, 
packed behind with hemp, 216. 

Sun and planet wheels, 17. 

Surcharged steam, rule for computing volume of, 
42. 93. 

Sydenham steamer, boilen o^ 65. 
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Tables, miscellaneous:— 

Pressure of steam at different temperatores, 

&c, 23. 
Areas of circles, 24. 
Expansion of air by heat, 25. 
Hyperbolic logarithms, 25. 
Strengths of iron and other metals, 25, 26, 

27. 
Motion of fiilling bodies, 29. 
Power of various kinds of coal, 82. 
Strengths of iron and copper boiler plates, 

by Franklin Institute, 82. 
Circumferences for angle iron hoops, 112, 
113. 
Tables, practical: — 

Proportions and performances of various 

boilers, 81. 
Efficiency of fuel with various degrees of 

expansion, 81. 
Lap on slide-valve required to produce a 

given expansion, 90. 
Nominal horse-power, 96, 97. 214. 
Dimensions of Maudslay's marine engines, 

111. 
Dimensions of Seaward's manne engines, 

111. 
Dimensions of locomotives, 114, 115. 
Marine engines : — 
Crank (malleable iron), breadth of web of, 
at paddle centre, 125 ; thickness of large 
eye of, 126 ; thickness of web of, at paddle 
centre, 127. 
Paddle-shaft (malleable iron), diameter of 

journal, 128. 
Length of journal, 129. 
Dimensions of cross-head, piston-rod, and 

connecting-rod, 130, 131. 
Various ratios and dimensions, 132. 
Side lever (cast iron), depth at centre, 134. 
Side-rods, side-lever, and lever-studs, 133. 
Air-pump rod (copper), and cross-head, 135. 
Valve gearing and parallel motion, 136. 
Area of steam port, 137. 
Areas of pipes, passages, and valves, 138, 
139. 
Land engines: — 
Depth of main beam (cast iron) at centre, 
140. The dimensions here given are too 
light if the pressure be above the atmo- 
sphere. 
Depth of main beam at ends, 141. 
Content of feed pump, 142. 
Content of cold-water pump, 143. 
Thickness of large eye of crank (cast iron), 

144. ^ 
Breadth of crank at centre of fly-wheel shaft, 

145. 
Diameter of fly-wheel, 147. 
Sectional area of fly-wheel rim, 148, 149. 
Tables, explanation of, 150 — 158. 
Tagus steamer, boilers of; 66. 
Tay steamer, engines of, 175. 
Teeth of wheels, proportions and strengths of, 

213. 
Temperature of steam at different pressures, 23. 
Tenders of locomotives, 236. 
Teviot steamer, engines of; 175. 
Thames steamer, boilers of, 60, 61 ; piston of, 

198. 
Theory of the steam engine, formulte for tem- 
perature and elastic force of steam, 38 — 42 ; 
surcharged steam, 42. 93; motion of elastic 
fluids, of steam in pipes, and air in chimneys, 
43, 44, 45 ; area of steam passages, 77. 84 ; 
loss of heat from steam pipes, 85 ; dimensions 
of orifice in boilers requisite to enable steam to 
escape for safety, 86, 87 ; action of slide-valve, 
87 — ^91 ; expansion, 12. 94. 118, 119 ; parallel 
motion, 95. 98, 99, 100 ; strengths, 101 — 107 ; 
theory of the crank, 121, 122, 123, 124 ; prin- 
ciple of action of the fiy-wheel, 165; principle 
of operation of the governor, 166, 167, 168; 
water requisite for feed and condensation, 215. 
Thompson (Francis)^ douUe cylinder atmospheric 
engme o^ 15. 

S S 
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ThompBon (William), smoke-burning fonisce of^ 
49. 

Throttle valve, 18 ; effect of partly closing, 245. 

Tod and Macgregor, boilers by, 91, 92 ; direct- 
action engines by, 179. 

Trent and Isis steamers, piston o^ 197. 

Tmnnions of oscillating engines, 224. 

Tubes for boilers, relative merits of iron and 
brass, 64 ; fixing and feruling, 229 ; locomotive, 
233. 

Tubular boilers, 63. 65, 66, 67, 68, 69, 70, 71, 
72. See Boilers. 

Tubular boilers with upright tubes, 68, 69. 

Turner, rotatory engine by, 184. 

Tweed steamer, engines of, 175. 

Unicom steamer, boilers of, 58, 59. 

Vacuum gauges, 170. 

Valve casings should have ftncet joints, 217. 

Valve gearing of Watt's single-acting engine, 
11 ; of engme with piston rising in vacuo, 1 1 ; 
of Albion mills, 19 ; Murdoch's, 19 ; of Cor- 
nish en^e, 173 ; of oscillating engine, 224 ; of 
locomotives, 237, 238 ; what to do if deranged, 
251. 

Valves, air pump, of canvass, 174 ; area through, 
215 ; details of, 217. 

Valves, equilibrium, nature of^ 173. 

Valves, injection, 223. 

Valves, Kingston's, 223. 

Valves of locomotives, 198. 234, 235; steam 
valves, how to set, 239, 240. 

Valves, pump, 174. 222. 

Valves, safety, theoretical investigation respecting, 
86, 87. 138. 154. 198. See Safety-valves. 

Valves, slide, investigation of the action of, 87, 
88, 89, 90, 91 ; practical rules for lap, expan- 
sioD, &&, 89 s table of dimensions of gear, 136 ; 



three-ported, 199 ; long D, 199 ; piston^valve 
by Maudslay, 198; piston- valve with skewed 
ports, 199; equilibrium slide by Rennie and 
Penn, 199, 200 ; expansion slide of Berenice, 
200 ;Oonsenbach'8, 200 ; Cabrey's, 200; Mrhite- 
law's, 201 ; Mayer's, 201 ; Bourne's, 201 ; attach- 
ment of end of short D valve-rod, 217; packing- 
port and cross-bar for, 217; method of lightening 
valve-packing, 217; method of preventing 
leakage at comers, 217 ; distortion of valve 
face by unequal expansion, 217 ; various met- 
als used for valve faces, 217 ; effect of copper 
and iron steam-pipes upon, 217; method of 
finishing valve faces by scraping and grinding, 
217; powdered Turkey oil-stone used by some 
for finishing the grinding instead pi flour 
emery ; method of repairing flaws in valves 
and cylinders, 217; method of attaching brass 
valve-&ces, 217. 

Valves, stop, 223. 

Variable expansion gear of locomotives, 200. 238. 

Waddington's smoke-burning furnace, 51. 

Walker's smoke-burning furnace, 49. 

Waste steam-pipe, to find diameter of, 139. 154. 

Waste water-pipe, to find diameter of, 139. 154. 

Water required for feed, a cubic inch of water 
makes a cubic foot of steam, 215. 

Water required for condensation, 215. 

Water evaporated by various boilers, 81. 

Water in boiler, to find the quantity of, 109. 

Water surflice of boilers, proportion o^ per horse 
power, 48. 109. 

Water gauge, 170 ; of locomotives, 235. 

Watt (James), philosophical instrument-maker at 
Glasgow, experiments on a model sent to him 
for repair, association with Dr. Roebuck, his 
first patent, transfer of Roebuck's share in 
the patent to Boolton, 10 ; condensation by ex- 



ternal cold, application of the cylinder eover 
and steam jacket, engine with piston rising 
in vacuo, Boulton's rale for consumption of 
fuel in Watt's en^es, 1 1 ; discovery of the 
principleof expansion^ 12 ; single-acting engine 
introduced into Cornwall, and patent infringed, 
13, 14 ; litigation, 14 ; introduction of the 
crank, 14. 16, 17 ; Albion mill engines, 17 ; 
sun and planet wheels, 17 ; parallel motion, 17, 
18 ; throttle valve, 18 ; governor, 18 ; linea- 
ments of Watt's genius, the Shakespeare of 
mechanical science combining imagination with 
judgment, fondness for self-created ideas 
arises from penury of imagination, W^att's 
eminence partly due to his miscellaneous know- 
ledge and absence of technical training. Lord 
Jefiey's account of Watt, profundity of Watt's 
investigations, 21 ; principle of action of steam 
engine perfected by him ; though the steam 
engine be supersede his name will live ; most 
of the great improvements of the age have had 
their origin or practical development at Boul- 
ton and Watt's ; collateral benefits of Watt's 
invention in reconciling strength with accuracy 
of manufacture. Watt's personal character, 
necessity of imagination for the engineer as 
well as knowledge of facts, 22 ; Watt's patent 
for burning smoke, 49. 

Wheels, locomotive, 236. 

Williams's smoke-buraing fumace, 49. 

Wire bonnet for locomotive chimneys, 233. 

Wladimir steamer, boilers of, 74. 

Wood's rotatory engine, 187. 

Woolfs double cylinder engine, 173. 175. 

Working-beama. See Beams and Main Beams. 

Yule's rotatory engine, 188. 
Zephyr steamer, boiler d, 70. 
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